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. J 
The Bi!"c-h reduction of benzamide ..-ith soc!iUJil and absolute ethanol, !15% ethanol, or 
tert-butanol in liouid ammonia gave 1,4-dihydrobcnzamidc in varying amounts. The arnide 
~t=o,;p ~<as t:ot reduced. llw t•w "'ost inportant variables cncoW\tered ~<ere the alcohol used 
and •·hc~hcr or not arr.r.ICniulll ci1loride ..-as added after the reduct ion lo'as completed. llithout 
this addition of 3mn:onium chloride, little or no 1,4-dihydrobenzai:lidc was present after 
worknr>, >.hi le with its <tcdi tion so:nc 1 ,4-dihydrobenzai:.ioc fo:nr.ed whether the proton source 
"as absnlutc ctha,ol, 95'> ethanol, or tert-butanol·. 111c highest yield was otJtained with 
-~-:_!-butanol •·i th a=onium chloride oeini-acdcd. Addition of a••monium chlo1·ide apparently 
p:c~vc:-tts th!." disproyortionat.icn of 1 ,4-dihydrobcnzamidc to bcnzar.tidc and a. tctrahy~ro­
l>enz~l!liJc iq neutrali2ing the strongly bcsic alkoxide "'hich "'ould other•ise be present. 
A.'l'.!:!Oniu::> chlo ride addition r.J3}' el so prevent: air oxidation of the I ,4- dihydrobcnzamide to 
bcr::~r;idc. ,\ bl:mk ex.,crirr.cnt s-::a~ting "ith 1 ,4-d ihyd!'Obcnz,;;:ide confinr.cd this dispr<> -
poTtlonation. 
As >;ith bcnzaciJc, the am1oe group ""s not reduced by the Birch reduction of :\-methyl-
bcnzardc~e ~~s ii.bove and a dihydro-X-mcthrlbcnzaJr.idc forr..cd whc-n anm;onium chloride l~as ir.tmc-
di:!t~!~-' :!dG~d 3ftc'!" th~ redilcti<'P . Without the Clddition of ~-r.~onlum chloride and also 
during o.-;-teJ ~p~s at recrysallization, the diilydro~~-ructhylOenzruniUc C.isprcportionatc:d to 
!'.-rntt.Hy 1LJcnlamiJc mnl .i ,.; , ~ ,0-'ictraii) Uro-1'"-mcth.ylheHLa,t.id\! , n, :,i~; \<of\S isvlat~d arlJ cha1aC-
tcrized for the first tir::.c. 
Z.: ,:\-DiOtcth!lbenzaroi Je was reduced to benza!dci>y.Jc with the rroton sources used above 
•:hcther or not amiJonium chloride was adced after the r educt ion .:as cor.~pleted. La~· aJc.ow1ts 
of henz:Lhh:·!1yce •H·rC obt~ined due t.o its condensation l<dth. an::nonia to-- form hydrobcnz.~nide 
or its furt her rccuction . 
TI1e P.irc!l reduction of benzyl alcohol gave mostly starting material with 2.5 cqui\•a-
!cnts c·f sc•di=. toluene ..-ith 3. 5 equivalents. and 2 ,5 - di!lydrotoluene with 5.0 cquiv~lents 
usir.~ absolu~ e ~~ha.nvl as t he proton source. 
Birch red•.Iction of bcnzylcin:ethrlamine Kith 5.0 equivalents of sodit:m and absolute 
cthaLcl yic!~c<! "t-he prcviot.s ly unreported :Z ,5-dihydrobenzyldimethylamine. 
11-.c Birch reduction of biphenylene with 3.0 equivalents of sodiur.1 and absolute ethanol 
yielded the r-rcviously unrero:rtcd 1,4 ,4a, Sa-tetrahydrobip3enylcne, I. plus •I ,5-l>cnw~i ~yclo­
~.2 . 1]-oct3-2,4 -die,c, II, and unreactcd l>iphenylene, III , in a ratio of 4:1:11. II 
probably form; Ly rcarranbcment of 1,2 ,4a ,Sb-tet r ahydr0bi?henylene, l V, ~<hici1 ""s not 
isolatcC. h·i:~t.hcr the rca.rrangcn:.ent occurs durinJ,: reduction or during. the glc workt.7 
was not determined. 
:i 
... 
• 
r;ith b,U or 8.0 equivalents of sodium and absolute ethanol, a more com!>licat:ed t:ixture 
resulted .-:,ich containc<l l!lir.or amounts of 1 and 11 plus unl.nmm cot:ponents but no unreduced 111. 
The products of tile reduction ..-ith 4.5 equivalents of sodium anu at>solutc ethanol dc-
pcnclet! on the rate of acl<.litior. of the absolut:c cti1anol ~ t:ith very fast .:1dJition, less than 
one minute. the only proJuct ..-as I. ~ith slm• addition, 3 hours, I ~.:as a minor product, 
II ""s t!1e major one and t"o additional major unidentified products "ere fon:1ed. 
Biphenyl ..-as srccifically looted for using both glc ar.d nmr out none KaS detected 
for any of t!1c reductions of hir-henylcne. 
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mTRODUm'ION AND BACKGROUND 
\r/ooster ( 1) vms granted a patent .for the process o.f reducing 
aromatic corrpotmds by adding a proton source to alkali or alkaline 
earth metals in liquid anmonia. It remained .for Birch and his 
school (2,3,4) to demonstrate the general utility o.f the reduction, 
hence the name Birch reduction. Several reviews o.f the Birch re-
duction and its application are available ( 4-9). 
Benzenoid compounds are usually reduced to the corresponding 
l, 4-d.ihydro-deri vati ves tlhen equivalent or moderately excessive 
arnotmts of the metal are used. Typical Birch reductions are il-
lustrated be low for benzene and napthalene , F1.gure 1. 
0 +2M+ 2ROH LIQ. 
+2M + 2ROH L!Q. > 
NH3 +2ROM 
F1.gure 1. Birch reduction of benzene and napthalene . 
Birch ( 2. 3) has shovm that further treatment o.f the dihydro-
product with more metal and proton source can l ead to the .fonnation 
of the tetrahydro-derivative . The last double bond i s usually 
l eft since it takes more drasti c conditions to reduce an isolated 
double bond. 
( 1) 
Birch has proposed that the mechanism for the reduction may 
be either step\iise addition of one electron to give a radical anion 
followed by protonation and then the stepwise addition of another 
electron and proton (path A, Figure 2). Alternatively, the mechanism 
may be the transfer of t\10 electrons to form a dianion ( 4,10, 11) 
followed by protonation (path B, Figure 2) . The intermediate would 
be a very strong base and would react promptly with a proton source . 
. ,
' ' 
Figure 2. Steps in the reduction of aromatic compounds with 
alkali metals and a proton source in liquid amnonia 
as proposed by Birch (4,10,11). 
According to Birch (12,13), the first proton would add to the 
point of greatest free charge density, that is, meta to an electron-
releasing substit-uent since the accumulation of charge in the ortho-
and para-positions will be opposed by the dil€ctive effect of the 
substituent. 
(2) 
/ 
If the initial addition is Ireta, then the addition of the second 
electron to the radical ArH. should give the anion Figure 3, where 
R represents most substituents. If irreversible addition of the 
second proton occurs, then the products will be determined by the 
f 
relative rates of combination of the proton wi~h different positions 
in the anion . 
• 
Figure 3- Anion from the addition of an electron 
to the radical ArH. (4,14) 
The predominant product \rill be that formed by addition at the 
position of greatest free charge density, which is in the middle 
of the IreSOl'll.'?ric anion ( 4) at the 2-position of Figure 3- 'Therefore, 
one obtains the ldneticall¥ controlled product, the 2,5-dihydro-
derivative, rather than a thennodynamically Imre stable conjugated 
diene. 
Electron-releasing groups, in general, decrease the ease of 
Birch reduction and give 2,5-dih,ydro-derivatives (15). In the . 
case of carboxylic, amidine, and carboxamide groups, the negative 
• l.. • ' ... 
. ' . 
(3) 
charges are stabilized through resonance structures, as is illus-
trated in Figure It, leading to 1,4-additions instead of 2,5, and, 
at least for the carboxylic acid group, a large increased rate of 
reduction (lt,l6). 
( 
Figure 4. Stabilization of negative charges through 
resonance by the carboxylic acid and amide group. 
Carboxamides are weak acids and in liquid ammonia their acid 
character is evidenced by their electrical conductivity and ability 
to react with the more electropositive metals (17, 18) such as sodium 
and potassium. Substituents that would help stabilize the amide 
anion would make the amide sufficiently acidic to form the anion and 
therefore make the amide group immune to reduction ( 19) because of 
stabilization due to resonance. 
Kuehne and Lani:Jert ( 19) reported that the benzarnide ring is 
not reduced v.'ith 3. 3 equivalents of sodium in liquid amnonia with 
ethanol but is reduced to 1,4-dihydrobenzamide with 3.3 equivalents 
of sodium and t-butyl alcohol as a proton source. Excess of sodium 
was required to satisfy the reportedly extensive side reaction of 
(4) 
sodium and ethanol to form hydrogen. Since Kuehne and Larrbert (19) 
did not specify the terrperature used in their investigations , Qazi 
(20) investigated the eff'ect of running the reactions at dry ice- '. 
acetone tenperature, approximately -75°, ahd at the boiling po:int . 
of liquid anmonia, -33°, and reinvestigated the reduction of ben-
zamide with soditnn and ethanol. At -75°, using 3. 3 to 3.5 equi-
valerrt;s of soditnn and ethanol in liquid ammonia, Qazi (20) reported 
that 1,4-d.ihydrobenzamide was obtained in contrast to the report of 
Kuehne and Lambert ( 19) . \vork reported in this dissertation confimed 
the reducti on of benzarnide with t-butyl alcohol as reported by . 
Kuehne and Lambert. (See page 15). Results in this investigation, 
however, are at variance with both the results r eported by Qazi (20) 
' 
and Kuehne and Larrbert (19) for the reduction of benzamide with soditnn 
and ethanol. (See pages 12-15 for details.) In addition ivTarkoff 
and Ivanoff (21) reported the reduction of benzamide to 1,4-dihydro-
benzamide with t-butyl alcohol using Kuehne and Lambert's procedure. 
Birch, (22) however, reports that the functional group in benzarnide 
and not the ring is reduced with sodium and ethanol t o yield toluene 
but did not thoroughly investigate the reaction or report experimental 
de tails. l ' 
As it appeCh~ that the benzamide ring is r educed with sodium 
and ethanol, instead of the amide functional group (19,22), an 
investigation of reduction of N-substituted and N,N-disubstituted 
benzamide would be of theoretical and synthetic significance since the 
s~stion has been made that a functional group with an acidic 
(5) 
hydrogen and in its anion fonn is protected from reduction (23). 
House ( 2 4) reported that the amide group is not reduced and that 
ring reduction occurs in the case of N-methyl-o-tolylbenzarilide wlllCh 
supports the hypothesis that the anion of a compound with an acidic 
hydrogen should be inmme to reduction. In the case of N,N-dia.lkyl-
benzamides, with no acidic hydrogens, it would be expected that 
the functional group would be reduced since it would no longer be 
protected from reduction by formation of an anion. This was ex-
peri.rnentally observed in this study (See page 35) ~ Birch, Cymerman-
Craig and Slayter reported that N,N-diethylbenz_amidine gave seven 
percent benzaldehyde on reduction with sodium and ethanol, which 
is analogous to the reduction of N ,N-dirnethylbenzamide (25). 
In the case of N-alkylbenzamide, it is expected that ring reduc-
tion, -which is- reported for £-tolyl-N-rnethylbenzamide (24), would 
occur predomina.""ltly since there is one acidic hydrogen. This was 
also observed experimentally in this study . (Page 28). 
In surrmary , benzamide, N-methylbenzamide and N,N-dimethyl-
benzamide were investigated for the following reasons : ( 1) to 
determine if it is necessary to have an acidic hydrogen on the ni-
trogen atom in order that the functional group not be reduced ( 19 ,23), 
(2) to determine some of the reasons why there have been contrasting 
results as to the product of the Birch reduction of benzamide (19, 
20,21) with sodium and ethanol and ( 3) to identify the products 
of the reductions and any possible intermediates which may lead to 
the products. 
(6) 
PARI' II .. 
Birch Reduction of Biphenylene: 
A Possible Approach to Substituted Cyclobutadiene 
1-lillstatter and von Schmadel (26) were the first to try, un-
successfully, to synthesize free , unsubstituted cyclobutadiene , I. 
Attempts by others (27,28) have also failed to yield unsubstituted 
cyclobutadiene. 
D 
I 
, I 
There have been nuin=rous unsuccessful attempts to prepare 
substituted derivatives of free cyclobutadiene such as, 1,2-diphenyl-
cyclobutadiene, II, (29) and tetramethylcyclobutadiene, III (30). 
For a review of cyclobutadiene and its derivatives, see Cava and 
Mitchell (31). 
. . 
II 
.. 
'Ihere are l1El1Y derivatives of cyclobutadiene . 'lbe first free 
one that was isolated was biphenylene , IV; it was first synthesized un-
ambiguously by Lathrop ( 32) but in poor yield. 
(7) 
Cava and Mitchell (31) have surveyed the rrethods of preparing 
biphenylene, none of which affords high yields. A synthesis of 
biphenylene with an improved yield was reported by Friedman and 
IDgullo (33,34) and their procedure was used to prepa_r>e biphenylene 
in this study. f 
N 
Atterrpts to isolate benzocyclobutadiene, V, the monobenzo-
derivative of cyclobutadiene, have been tmsuccessful (35,36) as 
it dimerizes . 
v 
The Birch reduction of biphenylene would be of theoretical 
and synthetic interest for several reasons. First, it is a unique 
approach to the possible synthesis of a cyclobutadiene. Secondly, 
sodiwn in liquid ammnia is reported ( 37 ,38) to cleave the four-
membered ring to give biphenyl. It would be of interest to determine 
what the product(s) would be with the addition of an acidic proton 
source . T'nirdly, sirrple molecular orbital theory predicts that the 
reduction will occur at the 2- and 4a- pos itions to give 2,4a-
dihydrobiphenylene ( 39) • It would be of interest to determine if 
(8) 
the molecular orbital prediction will be confi:rrred or sare other 
product will result. 
If, as is more likely, the substituted cyclobutadiene VI, is 
not fonred, the following corrpounds shown in Figure· 5, are some of 
the possible products of the proposed reduction. 
The investigation of the Birch reduction of biphenylene was 
carried out in order to determine the course of its reduction • 
. · 
(9) 
(39) 
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BIRCH REDUCTION .OF BENZAMIDE 
The reductions of benzamide in this investigation are divided 
'1 r 
into two broad categories. In the first the procedure of Wilds 
and Nelson ( 42) was used> vThich required the addition or' the proton 
source last to a mixture of liquid ammonia, alkali metal> and the 
corrpound to be reduced. The other procedure v1as the one utilized 
by Kuehne and Lambert ( 19) which called for addition of the alkali 
metal to a mixture of proton source, liquid arrmonia, and substrate. 
A total of 25 reductions of benzamide were carried out. The 
results are summari zed in Chart I, Pages 24- 26 . For the two main 
broad categories we find the following results . 
I. Reductions Using the Procedure of ~'lilds and Nelson (Proton 
Source Added Last). - --
Reductions land 2 were carried out with 3. 39 equivalents 
of lithium and ethanol at -33°, with distilled anhydrous liquid 
arrrnonia follov;ed by the addition of amnoniwn chloride after the 
reduction. Tne product consisted of .liquid, n19 1. 5720 , which 
D 
upon distilling under reduced pressure, yielded a solid, m.p . 
90-93° , recrystallized m.p. 93-96°. The product was not charac-
terized further other than by an infrared spectrum of the crude 
undistilled product v1hich resembled the infrared spectra of benzamide . 
Reduction \'lith lithium as the alkali metal \\'as abandoned in order 
to study the r eduction with sodium in detail. 
Reductions 3,4,5,6 and 23 were made \'lith 5 .0 equivalents of 
(11) 
sodium and ethanol, at -33°, with distilled anhydrous liquid arrmonia 
with the addition of anm:mium chloride af'ter reduction was COITq)leted. 
The results of these reductions varied. Reduction 3 appeared to 
give the starting material on the basis of the melting point and 
inf'rared spectra of the three times recrystallized product. Re-
duction 6 was made in order to ascertain if toluene were a product 
of the reduction of benzamide. No toluene was found in the traps 
used, indicating that the functional group was not reduced (19 ,22) 
to toluene . No work was done to characterize the product of this 
reduction. Reductions 4,5 and 23 yielded a mixture of benzamide 
and 1, 4-dihydrobenzamide. On the basis of nmr spectra of these 
products, the ratio was approximately 1:1. Repeated r ecrystallization 
from benzene yielded, 1, 4-dihydrobenzamide whose inf'rared and nmr 
spectra were identical to the infrared and nnr spectra of 1, 4-
dihydrobenzamide prepared by Qazi (20) . 
Reduction 15 was made with 5.0 equivalents of sodium and ethanol 
at -33° with anhydrous liquid ammonia and with no arrmonium chloride 
being added. The product appears from the nmr spectrum to be rrostly 
starting material with little or no 1,4-dihydrobenzamide and a small 
amount of tetrahydrobenzamide. · 
Reduction 9 "\'las carried out with 3 . 3 equivalents of sodium 
and ethanol, at -33°, anhydrous liquid amnonia with no anrnonium 
chloride being added. The product appeared from its nmr spectrum, 
to be mostly benzamide with a mixture of little or no 1,4-dihydro-
benzamide and tetrahydrobenzamide, unidentified component(s). l' 
(12) 
Reduction 8 was done under the same conditions as in reduction 9 
except that the ammonia employed was first dried by being distilled 
into a flask containing 25 g of sodium and refluxed for 2 hours 
before being distilled again into the reduction flask. Ammonia that 
was treated in such a manner is designated specially dried ammonia. 
The product appeared from the nmr spectrum to be about 50 percent 
benzarnide~ a tetrahydrobenzamide and little if any dihydrobenzamide. 
Reduction 10 was carried out under the same conditions as in 
reduction 8 except that the terrperature was -75° . The product was 
mostly benzamide \v.ith little or no dihydrobenzamide and some tetra-
hydro.....product. 
Reduction 7 was performed under the same conditions as reduction 
9 except that 2.5 equivalents of sodium was employed. The only 
protons that were observed to give absorptions in the nmr spectrum 
of the product were due to benzamide. 
II. Reduction Using the Procedure of Kuehne and Lambert (Metal 
Added Last) . 
Reduction 11 was rr.ade with 3.42 equivalents of sodium and 
ethanol, anhydrous liquid armnonia, at -75°, with no ammonium chloride 
being added after the reduction. 'fue crude product, melting point 
93-110°, appeared from the nrnr spectrum to contain mostly benzamide, 
little if ·any dihydrobenzamide, some tetrahydrobenzarnide and uni-
dentified components. 
Reduction 12 was done under the same conditions as reduction 11 
except that specially dried 81JJIOnia was used for sol vent. The product 
(13) 
contained more dihydrobenzamide than the product from reduction.ll but 
most of the product was benzamide with some tetrahydrobenzamide. 
Reduction 21 was done under the same conditions as reduction 11 
except that arrmonium chloride was added after disappearance of the blue 
color. The product was mostly benzamide and a little dihydrobenzamide 
with no tetrahydrobenzamide. . . n • 
Reductions 19 and 22 were made with 3. 42 equivalents of sodium, 
anhydrous liquid arrmonia, 95 percent ethanol, at -75° and with ammonium 
chloride being added. Reduction 19 resulted in the product being 
mostly benzamide and t etrahydrobenzamide with little or no dihydro-
benzamide. Reduction 22 yielded more dihydrobenzamide than reduction 
19 but the product. was mostly benzamide with same tetrahydrobenzamide. 
Reduction 18 was done under the same conditions as reductions 19 
and 22 except t he temperature was -33°. The product consisted of rostly 
benzamide with a little dihydro- and tetrahydrobenzamide. 
Reduction 13 was done with 3.42 equivalents of sodium and 95 percent 
ethanol, at -75°, distilled anhydrous ammonia 1.dth no armnonium chloride 
being added . The product was mostly benzamide with no evidence of di-
hydrobenzamide with a small amount of tetrahydrobenzamide as determined 
fran the nmr spectrum. 
Reduction 14 was done under the same conditions as reduction 13 
except that the temperature was - 33° . The product contained a little 
dihydrobenzamide and tetrahydrobenzamide but was mostly benzamide. 
Reduction 16 was done under the same conditions as 14 except dried 
tert-butyl alcohol was used as a proton source. The product contained 
' I ) 
(14) 
some dihydro- and tetrahydrobenzamide but was :rrostly benzamide. 
Reduction 20 was done under the same conditions as 16 except 
that arrnnonium chloride was added to the reaction mixture after dis-
appearance of the blue color. The product was mostly 1,4-dibydrobenz-
amide with no tetrahydrobenzamide and a small amount of benzarnide. 
The results are in accordance with those of Kuehne and Lanbert (19) 
and Markoff and Ivanoff (21). 
Reduction 17 was the same as 16 except that the exact temperature 
of reduction is unknown. The sodium would not dissolve in the tert-
butyl alcohol-benzamide-liquid ammonia mixture at -75° even after 
stirring for half an hour. This was in contrast to the fast disso-
lution of the sodium at -33°. Between -75° and -33° the blue color 
I 
disappeared after removing the Dry Ice-acetone bath. The product 
appeared to be mostly benzamide with some tetrahydrobenz&~de and no 
evidence of dihydrobenzamide. 
Reduction 24 was done under the same conditions as reduction 21 
except that after addition of the aromoniu.m chloride, the mixture was 
stirred an additional two hours. The product appeared from the nmr 
spectrt.ml to be mostly benzamide with a small amount of dihydrobenzamide 
and some unidentified components. 
Reduction 25 was done under the same conditions as reduction 24 
except that 95 percent ethanol was used as a proton source . The product 
appeared to be mostly benzamide with a little more dihydrobenzamide than 
resulted fra.m reduction 24 and unidentified components. 
(15) 
CONCLUSIONS ON THE BIRCH REDUcriON OF BENZAl\ITDE . 
It appeared that the most important variable for the isolation 
or detection of 1,4-dihydrobenzamide from the reduction of benzamide 
with sodium and ethanol, 95% ethanol, or tert-butyl alcohol was whether 
or not aiTIDJnium chloride . lvas added after the disappearance of the bl ue 
color. Without the addition of amnonium chloride to the reaction mix-
ture, little or no 1,4-dihydrobenzamide was isolated but benzamide 
and a tetrahydrobenzamide were the main products. With the addition 
of arrmonium chloride in most cases · some 1,4-dihydrobenzamide was 
f anned whether the reduction was with absolute ethanol, 95% e thanol, 
or tert-butyl alcohol. The neutralizati on with ammonium chloride 
probably prevents the disproportionation of 1,4-dihydrobenzamide 
to benzamide and tetrahydrobenzamide by preventing the base catalyzed 
shifting of the double bond. Kuehne and Larrbert (19) reported that 
without the additi on of anmonium chloride , autooxidation of t he re-
duct ion product of 3, 4, 5- trimethoxybenzamide occurred. 'Ihe arrrnonium 
chloride may also prevent t he air oxidation of 1,4-dihydrobenzamide 
to benzarnide. 
In a control experiment to determine the effect of not adding 
amnonium chloride , pure 1,4-dihydrobenzamide, nmr spectrum, Figure 6, 
v1as dissolved in l iquid amnonia with sodium and ethanol without the 
( 
addition of ammonium chloride after the sodium had been consumed. Benzamide 
and a tetrahydrobenzamide resulted, Figure 7, from disproportionation. Note 
" ( . 
(16) 
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should be taken of the appearance 'of absorption for aromatic protons, 
identical to the pattern for the aromatic protons of benzamide. 
There is a decrease in the absorption due to vinyl protons, and 
increased absorption in the methylene region. These results indicate 
that the ammonium' chloride is needed to reduce the basicity of the 
mixture in order to prevent the disproportionation of the l,lt-dihy-
drobenzamide to benzamide and tetrahydrobenzamide. 
tert-Butyl alcohol as a proton source in the reduction of ben-
zamide with a given amount of sodium resulted in the highest yeilds 
of l,lt-dihydrobenzamide as compared to the use of ethanol or 95% 
ethanol. These results confirm the investigations made by Kuehne and 
Lambert (19) with respect to the reduction with tert-butyl alcohol. 
In this investigation no reduction of the functional group was detected 
using any of the proton sources listed. This is in contrast to the 
results reported by Kuehne and Lambert (19) and Birch (22). In 
addition, the low yield of i,4-d:ihydrobenzamide obtained with sodium 
and ethanol or ninety-five percent ethanol in this investigation 
are at variance with the results reported by Qa.Zi (20) of relatively 
high yields, 65 to· So%, of 1, 4-d:ihydrobenzamide. Attempts to re-
produce Qazi's high yields were unsuccessful in this investigation 
when his procedure (20) was used for the reduction of benzamide with 
3.42 equivalents of sodium and ethanol or ninety-five percent ethanol. 
The reason for the failure to reproduce the findings of Qazi ( 20) 
is unknown. 
It appeared that possibly more of 1,4-dihydrobenzamide was ob-
tained at -33° than at -75°. The effect of temperature on the re-
duction of benzamide with ethanol or ninety-five percent ethanol 
needs to be investigated further in order that any definitive con-
clusion may be reached. 
In the case of the reduction of benzamide using either procedure, 
'vlilds and Nelson's or Kuehne and Lambert's, it appeared to make 
little or no difference for absolute ethanol and ninety-five percent 
ethanol. The reduction vdth tert-butyl alcohol was carried out using 
only Kuehne and Lanbert 's procedure. 
The same results were obtained when the reaction mixture was 
stirred for two hours or for fifteen minutes after the addition of 
the ammonium chloride when Kuehne and Lambert's procedure was used 
with absolute ethanol or rrL~ety-five percent ethanol as the proton 
source. These results indicated that the basicity was reduced early 
after addition of the amnonium chloride and rerna:ii1ed reduced .during 
work-up as long as sufficient an:monium chloride was added at the outset. 
. The amount of l, 4-dihydrobenzarnide obtained by the use of sodium 
and ethanol or ninety-five percent ethanol with the addition of ammonium 
chloride depended on the amount of sodium used in the reduction. The 
amount obtained increased from none,by use· of 2.5 ·equivalents of sodium, 
to approximately fifty percent r eduction of benzamide to 1,4-dihy-
drobenzamide using 5. 0 equivalents. The approximate amount of the 
(20) 
tetrahydrdbenzamide that resulted when the ammonium chloride ~~ .not 
added has not been determined. 
The reduction td th lithium and ethanol was not pursued to the 
extent that any conclusion as to the nature of the product could be 
reached. 
P. 
(21) 
Chart I 
BIRCH REDUCTION OF BENZA.To;]IDE 
j 
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(22) 
Chart I 
BIRCH REDUCTION OF BENZAMIDE 
' .. I 
~ .. 
. ' 
Reducti on Procedure Proton source NH4Cl 1 Type of 
number, metal used and temperature, added ammonia 
used, and oo. used. 
number of I I ,, "·· ... I r 
equivalents. 
. 
l. L1 (3.39) Wilds and Absolute ' yes Anhydrous Nel sonl ethanol, a .e . ' distilled I 
a.d.3 : 
- 33° 
-
.. 
-2. Li (3.3) W & N a. e ., - 33 I yes a .d. 
3. Na (5.0) W.& N a. e.' - 33 yes a.d. 
. 
- -
- -4. Na (5.0) W&N a .e ., - 33 yes a .d. 
- i 
5. Na (5 .0) W& N 
' 
a. e. ·, - 33 yes a .d. 
6. Na (5 .0) W&N a. e ., - 33 yes a.d . 
I 
I I I 
Notes on nature of the product 
. 
obtained . 
. -~ . 
I 
. 
• 
: 
. . .. ... 
·- ' .. . -
Liquid n~9 1.5720 , distilled, solid, · 
m.p. 90- 3° , redistil led, solid , recry 
m.p . 93-96° . 
25 -Li q. nB 1. 5637 , not further charac-
terize • . 
Recry . solid, m.p. 125-128° , ir 
spectr um ident ical t o t hat of 
benzarnide , I a 
' 
Ir spectrum resembl es spectrum of 
1, 4- dihydrobenzamide , II~ nmr taken 
2 years l ater shows both ll and IJa 
are present in 1:1 ratio . 
Same pr oduct as in reduct ion number 4 
No work done on this product since 
thi s r eduction was done to see if 
toluene was produced, and it was not 
found . 
I 
..-.... 
:. (Y") 
':C\J 
......... 
Chart I (continued) 
7. Na (2. 5) W& N a. e. ,-33 no specially 
drie~, 
S.d. 
8. Na (3 .3) W&N a.e., - 33 no s .d. 
~ · Na (3 .3) W & N a .e . , - 33 no a .d . 
~o. Na (3.3) W&N a.e., -78 no s .d. 
~1. Na (3. 42) Kuehne anc a . e . , - 78 no a .d. 
Lambert 
- K & 12 
... 2. Na (3 . 42) K & L a.e . , - 78 no S.d. 
r'-3· Na (3.42) K.&. L 95% et hanol, 
-78 
no a .d. 
r· Na (3 . 42) K & L 95% ethanol , no a .d. 
! I 
- - -- -- ------
-
. 
-
~ I.-- . 
. ~ t - '· • - ~ . 
-- - --- ---
50% :a, some :oa and a tetrahydrobenz-
amide , IIIa. 
. 
Mixture which contains l i ttle if 
any IL} some IIIa and Ia and unidenti-
fied components, IVa. 
Mostly I~ ,little if any I Da and 
some IIJa and IVa. 
Mostly I~ sorre I4 , III.c! , and IV~ , 
crude m.p. 93- 100° . 
More I Ia than in the 11th r eduction 
but not much in pr oduct . Mostl y 
Jaand IIIa. 
Mostly I ~ no evidence of II~ . Possi-
.bility of some III~ m.p . 110-15° . 
Some I~ IV'JOstly JB. and I I :Ia:,, Not much 
IJa. . 
I 
-~ 
------
. 
\ 
.......... 
..::r 
C\J 
....... 
I!': - ·--~ ...--. ~- - ---- ! 
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Chart I (continued) 
- I 15. Na (5.0) W&N a.e., -.33 no a.d. Mostly Ja and ilia and little IJa. .. 
16. Na (3.42) K & L Dried t-butanol no a.d. Mostly Ja, some IJa and Ilia, m.p. 82-
-33 93°· 
.. --- - -
.... ·-- - - - -- -
. . -
-----
17. Na (3. 42) K & L Dried t-butanol, no a.d. Sodium would not dissolve with t-
-78 to --33 butanol in flask at -78°. Product ; 
l appeared to be only Ja and IIJa with 
no evidence of IJa 
-- ----
-- ..... 
--
. -
18. Na (3.42) K & L 95% ethanol, yes a.d. Mostly L; possibility of some IIa 
-33 and IIIa 
19. Na (3.42) K & L 95% ethanol, yes a.d. . Mostly ~ some IIIa "P ...... •" 
-78 
20. Na (3.42) . K&L Dried t-butanol, yes ... a.d. . ; Mostly I]; with less than 10% Ia 
-33 
21. Na .(3.42)] K & L a.e., -78 yes a.d. A little ILabut mostly Ia 
22. Na (3.42) K & L 95% ethanol, yes a.d. A little IIa and IIIa but mostly Ja 
-78 
. . 
23. Na (5.0 ) W&N a. e., -33 yes a.d. About 50% each of Ia and IIa I 
0 
-----
I 
Chart I (continued) 
24. Na (3.42 K & L a.e., -78 yes a.d. Conditions same as in reduction 21 
I 
except 2 hr. stirring after adding 
.. ~ NH4Cl. Product mostlyia, a little 
' 
. 
.. IJ;a, IIIaand IVa • .. 
--
. 
25. Na (3.42) K&L 95% ethanol, yes a.d. Conditions same as in reduction 24 
-78 except that 95% ethanol used. Pro-
• I, 
' 
,I . duct appears to be same as product ~ • I ' ' . . I 
-' . from 24th reduction. , I 
I . 
.. 
.. 
. . 
1. Wilds and Nelson procedure consists of adding the proton source last to a mixture of metal, 
liquid amnonia and substrate:. . 
2. Kuehne and Lambert's procedure is to add the metal last to a mixture of liquid amnonia, proton 
source and substrate. 
3. Anhydrous distilled anmonia is ammonia that is distilled from its cylinder directly into the 
react ion flask and not dried before use. 
4. Specially dried amnonia is armnonia that has been passed through barium oxide and soda lime 
before being condensed in a flask containing sodium. After refluxing for two or more hours, 
the armnonia is distilled again into the reaction flask, precautions being taken to exclude 
atmospheric water. 
i 
REDUC'l'ION OF N-l\1ETHYLBENZAMIDE WrrH .1:.2_ 'IO 8. 0 EQUIVALENTS OF 
SODIUI'Jf .A.ND EI'HANOL IN LIQUID AMrtDNIA AT ~ WI'l'HOUT ADDING 
Aitli\10NIUiVI CHLORIDE. 
'Ihe reduction of N-methylbenzamide 1t1ith 3-5 to 8.0 equivalents 
of sodium without addition of ammonium chloride after the reaction 
was complete, afforded, in every case, through disproportionation or 
direct reduction of the ring, starting material, the previously un-
reported 1, 4, 5, 6-tetrahydro-N-methylbenzamide, VII, and an unidenti-
fied component, that could possibl;y be 1, 4-dihydro-N-methylbenzamide, 
and polymeric material l>dth absorption in the vinyl region of the 
nmr spectrum. 
VII 
In every case, the predominant reduced species is VII ranging 
f:ro.'TI approximately 80% with the lm-1est equivalents to 95% with 8.0 
equivalents, as determined by glc. 
SEPARATION OF THE COMPONENTS OF THE MIXTURES RESULTING FROM THE 
REDUCTION OF N=MEYriYIBENZAMIDE\-liTH hl_ 'IO 8. 0 EQUIVALENT----s-OF 
SODThl\'1 AND EI'HANOL. 
Distillation of the products from one of the reductions at am-
bient pressure caused extensive charring with very little distillate. 
Distillation at atmospheric pressure was abandoned jn favor of vacutun 
(28) 
BJRCH REDUCTION OF N-t'lETHYIBENZAJVITDE Willi EI'HANOL AND VARYING 
EQUIVALENTS OF sODiill•l IN LIQUID AMl\10NTAJ.\T -33° ACCORDING 'ID 
THE PROCEDtiRE-OF \{[LDS AND NELSON (42). (Proton Source Added Last). 
ATI'EMPTED REDUCTION OF N-MEI'HYLBEt'JZAMIDE WITH 2. 2 EQUIVALENTS OF 
SODIUM IN LIQUID AMMONIA AT -33°. -- -- -
By use of 1'/ilds and Nelson's procedure (42), N-methylbenzarnide 
was subjected to the conditions for Birch reduction with 2.2 equi-
valents of sodium and ethanol. The theoretical n'Lll'I'Der of equivalents 
for the reduction of the ring to the dihydro-product is two equi-
valents and two equivalents for the reduction of the carbonyl func-
tional group to benzaldehyde. It was expected that the ring would 
. be reduced since there is one proton in the amide, consequently, an-
alogous to benzarnide, the functional group would be protected from re-
duction (19,43,44). A slight excess over the theo~tical amount was 
used so as to compensat e for the possible side reaction of the metal 
v.>ith etha.'"lol. 
Upon addition of the sodium to the mixture of N-methylbenzarnide 
and distilled liquid ammonia, the blue color was immediately discharged 
before the addition of any ethanol. After work-up, only N-methyl-
benzarnide was isolated, in 80% yield, as identified by its nmr spec-
trt.nn and melting point. 
Probably, there was enough water in the distilled "anhydrous" 
arrmJnia to react with the sodium before the sodium could react with 
the organic substrate. 
(27) 
distillation. Vacuum distillation (See page 7.i for a typical dis-
tillation) afforded more distillate but did not separate the com-
ponents of the ndxtures at all, as evidenced by the nrnr spectra and 
glc .of the fractions collected. 
The fractions from the vacuum distillations and crude~ undis-
tilled products were subjected to glc: (See page 71 . ) This method 
of separation afforded four fractions , the major one being VII. Figure 
8 below, illustrates a typical chromatogram. 
, . 
VII 
/ unkncim\ 
/ .cN-Meth~benzamide 
'\ ;/\.__?~ 
TIME 
Figure 8. Typical glc chromatogram of the product 
of the reduction of N-methylbenzamide 1'lith 3. 5 to 8. 0 · 
equivalents of sodium and ethanol with adding arrmonium 
chloride after completion of the reaction. 
• l 
t 
(29) 
.~ 
PROOF OF THE STRUCI'URE OF l, 4, 5, 6-TETRAHYDRO-N-METHYLBENZAMIDE 
Elemental analysis and the nmr spe ctrum (Figure 9) of the ITJ<lj or 
glc fraction of the product of the reduction of N-rnethylbenzamide 
with 3.5 to 8.0 equivalent of sodium and ethanol without added 
arrrnonium chloride indicate that the sinplest formula is Csfi13NO. 
Attempted basic and acidic hydrolyses of VII to the corresp~>nd1ng 
kno'l'm carboxylic acid ( 45-48) were unsuccessful. The isomer ic 1,2, 
5, 6-tetra.hydro-N-rrethylbenzamide VIla was synthesized from 3-cyclo-
, 
hexenecarboxylic · acid via the acid chloride and rrethylamine . The 
nmr spectrum of VIJ; a Figure 10, is not the same as that of VII, . Figure 
9, the Irelting points also were different. 
0 .CH.J c-~ 
0 
VITa 
Since these are the only two possible positions for the double bonds 
\'-lith two vinyl hydrogens, in the re~uction product of N-methyThenz8mide , 
structure VII is as~igned to the product. 
The infrared spectrum of VIIFigure 11, has the absorptions expected 
.for the assigned structure, for instance , strong bands at approx-
imately 3400 cm-1 (N-H stretch) at "-'1680 cm-1 , (carbonyl) and at 
.... v1570 cm-1 (double bond in the ring). 
The assignment of the protons in the nmr spectrum of VII, Figure 
9, is as follCMS; Complex multiplet, 6 2. 0, 7 hydrogens, methylene 
and rrethinyl hydrogens of the ring; doublet v.rith underlining broad 
(30) 
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absorption, ( 2.90, 4 hydrogens, methyl and imine hydrogens; collq)lex 
multiplet, &' 5.83, 2 hydrogens, vinyl hydrogens. 
BIRCH REDUCTION OF N-I~ENZAMIDE \IJI'Yti El'HANOL, 95% ErHANOL AND 
t-BUTANOL AND \'JITti 3 . 3 TO 4 • 0 EQUIVALENTS OF SODITJI'.fUsll-TG EITHER THE 
PROCEDURE OF 1rrLDS ft.ND NELsON ( 3) OR KUEHNE-AND LAMBERI' ( 2) WITH THE 
ADDITION OFJ\rllfi'IONIUM CHIDRIDE AFTER-COiVIP:LEI'IOOOF ri'HE REDUCTION:""-
'Ihe reduction of N-methylbenzamide with 3. 3 to 4 . 0 equivalents 
of sodium with either absolute ethanol , 95% ethanol, or t-butanol 
as proton source, and the use of either Wilds and Nelson or Kuehne 
and Larrbert 's procedure, appeared to give a high yield of a dihydro-
N-methylbenzamide, if amnonium chloride was added to the reaction 
mixture after the reaction is completed. Efforts to isolate the 
dihydro-N-methylbenzamide through recrystallization were unsuccessful 
with several solvent systems . According to the nmr spectra of the crude 
material and the recrystallized material, the recrystallized product 
contained more starting material and tetrahydro-N~ethylbenzarnide 
than the crude product in addition to what appeared to be 1, 4-dihydro-
N-methylbenzamide. In the process of heating the various solvents 
with the crude product dissolved, disproportionation and perhaps 
air oxidation, appears to have occurred. The product of the reduction 
of N-methylbenzamide under the conditions described above remains 
to be investigated more thoroughly. 
In conclusion, for the reduction of N-methylbenzamide with 
sodium and ethanol, 95% ethanol and t-butanol at -33° a dihydro-N-_ 
(34) 
methylbenzamide appeared to be initially formed. ~lithout the addition 
of ammonium chloride and during attempts at recrystallization the 
dihydro-N-methylbenzarnide disproportionated to N-methylbenzamide 
and 1,4 ,5,6-tetrahydro-N-methylbenzamide. There is the possibility 
I 
that arrnnonium chloride also prevents the air oxidation of the di-
hydro-N-methylbenzamide. 'Ihe identity of the dihydro-N-methylbenz-
amide remains to be established. In the case of N-methylbenzamide, 
as in benzamide, page 16, the functional group was not reduced. 
I • 
. . ) 
1· 
.· 
.. \ 
BIRCH REDUCI'ION OF N ,N..:.DII'IETHYLBF.N"ZA.NITDE ·v!ITH . 2. 0 'IO 10. 0 EQUIVAlENTS 
OF SODim·1 i\ND E'IHANOL,NTI'ffiTY- FIVE ·pMCEI'l'T l:.'TH.A.T'JOL ·oR ·t - BURANOL ACCORDING 
TO EI'IHEF. TIE !'ROCEDURE OF \'ITL~ AND NELSON OR KUEhl~ . AND LAJG3Sl1'1' ( 19) 
. HITH OR HIOOUT fu'~1!'1JNIUI1CHLORIDEBEING ADDEDAT - ~33 or -75° . --
The reduction of N,N-dimethylbenzamide with 5.0 or more equi-
valents of sodium and ethanol yieldedan uncharacterized polyrreric 
material and so!l'l':: starting material in the case of 5.0 equivalents of 
sodium. This polymeric material wasprobably ring and/or reduced 
nitrogen double bond product(s) of hydrobenzamide, VIII. 
Ring reduction of this polyrrer is evidenced by the intense ab-
sorption in the vinyl region of the nmr spectrum. In addition, all 
reductions )fl th 5. o to 10. 0 equivalents of sodium and ethanol, with 
or without the addition of amnonium chloride after the reaction was 
corrpleted, show broad absorption in the aromatic region of the nmr spectrum 
in conjmction with the sharp s:inglet in this region due to the start-
ing material, N,N-dirrethylbenzamide. No work was done on the charac-
terization of the polYmer _since reduction with 2.0 to 4.5 equivalents 
of sodium showed the possibility of more promising results . 
The reduction of N,N-dimethylbenzamide with 2.0 to 4.5 equiva-
lents of sodium· and ethanol, 95% ethanol, or t-butanol , gave, in 
every case, starting material, benzaldehyde in low yield, and VIII. 
This applies whether the terrperature is -33 or -75° , whether Kuehne 
unidentified 
products 
SCHEME I 
• I 
(37) 
CH.J ~ CHO 
+01 +(\ ~J+O ~ ~ ~ 
CI-!J 
0 
1 
0 
X 
and Lambert's or \vilds and Nelson's procedure is used, or whether 
arrmonium chloride is added or not . 'lhe hydrobenzamide arises f'rom 
the condensation of benzaldehyde with liquid ammonia as has been 
previously described (49-52). Birch (53) reported that N,N-diethyl~ 
benzamide produced benzaldehyde in low yield when it was reduced with 
ethanol and 2.0 equivalents of sodium in liquid ammonia via the amidine 
but did not mention hydrobenzamide as a product. The l ow yield of 
benzaldehyde in this investigation is attributed to the condensation 
of the benzaldehyde with anmonia as soon as it is foi'l'D2d. It is possible 
that the low yield of benzaldehyde from the reduction of N,N-diethyl-
benzamide (53) is also due to the condensation of benzaldehyde with am-
monia as benzaldehyde was formed . The condensation of benzaldehyde 
I 
with amnonia is reported to yield VIII in very high yield, 95-99% 
(54, 55 and page 45) , vJhich \•Tould account for the small amount of 
benzaldehyde that was isolated in this work and also by Birch (53) • 
. '"' 
I 
... , 
Since there is no acidic proton in N,N-dimethylbenzamide, it was 
predictable that here the functional group would be reduced to the 
alC.ehyde. This was detennined to be the case in the present study. 
Sub ::: tantial amounts of benzaldehyde were not isolated due to formation 
of hyc1robenzamide (page 45 :· from benzaldehyde and the ammonia. It 
is significant that Kuehne and Lambert (19) reported that N ,N--dimethyl-
3 , 4,5-tr1methoxybenzamide . was reduced in the ring but in low yield. 
(38) 
ll-IVESTIGATION OF POSSIBlE ROUTES AND ThlTERMEDIATES BY WHICH N ,N-
DDETHYLBENZAl'JIIDE IS REDUCED TO BENZALDEHYDE AND/OR CY.I'HER PRODUCI'S. 
EXPERllllENI' 'ID DErERl'.rrNE IF EXCHANGE OCCURRED BET\<JEEN THE AMINO GROUP 
.Af1JJ.10NIA _ AND THE Dn1E'I'HY"LAf-rrNO GROUP OF N,N-DIMETHYIBENZAMIDE. 
N,N-Dirnethylbenzamide did not exchange the dimethylamino group 
for the amino group of liquid arrmonia at -33° with arrmonium chloride 
being added to the liquid arrrnonia . The exchange that was looked for 
is presented below. 
No absorptions due to the protons of benzamide \'/ere observed in 
. 
the nmr spectrum of the product from the dissolution of N,N-dtmethyl-
benzamide in ammonia. The only compound observed to give absorptions 
in the nmr spectrum was N ,N-dimethylbenzamide. It should be noted 
. 15 
that Everly and Fry (78) reported that exchange of NH2 of benzamide 
by NH3 is not observed unless catalyzed by acids or at very high temp-
eratures, above 40° . 
BIRCH REDUGriON OF BENZYL ALCOHOL (wrrH 2.5 'ID 5.0 EQUIVALENrS OF 
SOi5TifM AND ElliANOL) IN LIQUID AJVM)NlAAT - 33°. - -
'lhe proposed path for the reduction of N ,N-dialkylbenzamide (56) 
(see page 37) to benzaldehyde postul ates that benzaldehyde could be 
further reduced to benzyl alcohol and the benzyl alcohol could sub-
sequently be reduced to toluene. 
•ro examine the feasibility of this proposal, benzyl alcohol was 
subjected to reduction with 2. 5 to 5. 0 equivalents of soditnn in ethanol. 
The use of 2. 5 equivalents of sodium yielded only unreacted starting 
material as evidenced by the nrnr spectrum of the product. Reduction 
of benzyl alcohol with 3. 5 equivalents of sodiu.11 affords toluene as 
evidenced by comparison of the nmr spectrum of the product with 
nmr spectrum of toluene. These results are in accord with the 
findings of Birch (57 ,58) for the reduction of benzyl alcohol with 
sodilJ!ll and ethanol. The reduction with 5.0 equivalents of sodium 
gave predominantly 2,5-dihydrotoluene (X) ,toluene, and soditnn benzyl-
oxide as evidenced by nmr spectra, glc, and hydrolysis of sodium 
benzyloxide to benzyl alcohol. However, efforts to identif.y 
(40) 
. -· 
X, toluene, and benzyl alcohol in the reduction of' N,N-dimethylbenz-
amide v1ere tmsuccessful. 
,, 
X 
BIRCH REDUCriON OF N,N- DIMETHYIBENZYLAMINE (\VITH 5 . 0 EQUIVAlENTS 
OF SODI1.J1<1 AND E'illA.~OL) . AT THE BOIUNG ·poiNT . OF LIQUID An'DNIA, . ..: 33° . 
In the proposed mechanism f'or the reaction of N,N-dimethylbenz-
amide with sodium, page 37, one of the interrrediates is the unstable 
amino alcohol, XI. Also in the liquid portion of the reduction product 
riJ_~~H3 
6"'CH3 
XI . 
of N,N-diiJEthylbenzamide with 5.0 to 10.0 equivalents of sodium, 
there was a corrponent that had a retention time in glc that was close 
to that of N ,N- dimethylbenzyl anrtne . en the basi s of these data and 
the possibility that XI migpt possibly form N ,N--dirrethylbenzylamine , 
which could then be further reduced, an investigation of the Birch 
reduction of N,N- d.inethylbenzylamine was tmdertaken. It was not 
established that XI was an intenrediat e , hOil{ever. 
The Birch reduction of N,N-dimethylbenzylarnine affords 2,5-
(41 ) 
clihydro-N,N-dimethylbenzylamine, XII, vihich is reported li.ere for 
cr~~-- l C.' 
XII .. 
the first time , in very high yield. There was also a small amount 
of unidentified component which appears to have properties very sim-
ilar to XII. This unidentified component apparentl y had the same 
retention time as XII on the glc columns and under the ·conditions 
employed in attempts to separate them. Conversion of XII to its 
picrate, repeated recrystallization of the picrate, and regeneration 
of XII from the picrate did afford a s light separation of the two 
components . That separation was occurring was determined by demin-
uition of the absorption ascribed to the irrpurity at d 2. 27 in the 
nmr spectra of regenerated amine, XII, from sequentially recrystallized 
picrates. The peak at f 2. 27 in Figure 15 was shown to be due to an 
impurity by nmr spectroscopy. It was not establi shed that XII was 
.. 
an intermediate in the reduction of N ,N-climethylbenzamide to benzaldehyde. 
ASSIGNMENT OF STRUCTURE 'ID 2,5-DI HYDRO-N,N-DIMETHYLBENZYLAMINE. 
(. 
, 
Elemental analysis and nmr data indicated that the simplest 
formula for the main product of the Birch reduction of N,N-dimethyl-
(42) 
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benzylami.ne was c9H15N. The assigrment of the structure is based on 
an interpretati on of the nmr spectrum, Figure 12. 'Ihe absorptions 
i n the runr are assigned to the protons as follows. 
Scheme II 
BIRCH REOOGriON OF BENZYWIMETHYLAMINE 
CH~H3 .. CH2t{'1J d HJ 0 c~ - 5.0 eguiv. of Na -. 7 
~ EtOH, liq. NH3 
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f 
Singlet, £ 2. 20, six protons, methyl hydrogens; broad unsymnetrical 
r doublet, 6 2. 75, six protons, methylene protons of ring and side 
chain; doublet, b 5.66, three protons, vinyl protons of the ring. 
The infrared spectrum of XII, Figure 13, exhibits absorption 
at 2900 cm-1, (C-H stretch) 1650 em -l (double bond stretch) 1450 em -1, 
.· 
. ~ 
CONDENSATION OF BENZALDEHYDE \iiTH LIQUID A!IM)NIA. 
I , 
As mentioned on page 38, benzaldehyde when condensed with liquid 
anmonia gave hydrobenzamide VIII ( 49-52). This investigation showed 
that the amount of hydrobenzamide formed from the condensation of ben-
zaldehyde with arrmonia was not diminished when ammonium chloride was 
added, contrary to the results of Misono (60). other reactions of 
benzaldehyde include vapor phase reaction with ammonia and titanium 
vanadate ( 61) with the final major product being benzonitrile; reac-
tion with alcoholic ammonia and iodine as an oxidant (62) with the 
final products being benzonitrile and cyaphenin (2 ,4 ,6-triphenyl-
1,3,5-triazine); and the reaction with alcoholic amm::>nia in sunlight 
to yield hydrobenzamide (63). \'fork-up of the condensation product 
of benzaldehyde with amm::>nia in this investigation fortuitously 
led to 2,4,5-triphenylimidazole, IX, 
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(46 ) 
as the major product, with toluene, benzonitrile and benzaldehyde 
. ' 
as minor products. 'Ihese products resulted from an attempt to 
distill the unreacted benzaldehyde from the crude mixture of ben-
zaldehyde and hydrobenzamide. 
DE'ffiRI\'IINATION OF THE PRODUCTS FROM 'IHE HEATING OF HYDROBENZAMIDE (VIII). 
The heating of hydrobenzamide at a temperature of 215° led to 
a mixture of arnarine (4,5-dihydro-2,4,5-triphenylirnidazole) XIII , 
lophine (2,4,5-triphenylirnidazole) IX, page 106, plus small amounts 
of toluene and benzonitrile. At this temperature no distill ate came 
- I 0 
XIII 
0 
0 : 
over but vapor condensed on the wall of the heated flask . This vapor 
appeared at a heating bath temperature of 168° , indicating that XIII 
may be .forming even a t this temperature. 'Ihe presence of both IX 
XIII and other components in the mixture was evidenced by the nmr 
spectrum of the crude product. The product from controlled heating 
of VIII did not give enough of the volatile products sufficient to 
condense for collection for physical characterization. 
The heating of VIII at a temperature , directly with a burner, 
sufficient to permit the collection of volatil e substances , yi elded 
predominantly VIII, and small aiiDunts of toluene, benzoni tril e , 
benza;Ldehyde , and most likely , ammonia. The identification of toluene, 
(47) 
benzonitrile, and benzaldehyde was based on glc, riTJr and ir studies . 
An attempt was made to smell the arrrnonia that would be a product but 
the other volatiles masked the odor of the anmonia if it were present . 
However, a moist piece of red litmus t~ed blue when exposed to the 
vapors that resulted from heating VIII strongly, indicating the possible 
presence of ammonia or vol atile amine . 
Of the various methods for the preparation of IX in the lit-
erature, of which the following are illustrative, none mention toluene 
and benzaldehyde as products . The methods for the preparation of IX 
include fonnation from XIU ( 64) , pyrolysis of benzaldehydeazine ( 65, 
- 66) or c:\ - azidotoluene (67), synthesi s from benzylazide (68), reaction 
of benzaldehyde with amnonia at 270° with tin or titanium vanadate 
(69) and reaction of benzaldehyde oxime with sodium amide (70). 
CONDENSATIONS OF AROMATIC ALDEHYDES WITH LIQUID AM!VK)NIA AT -33° . 
Prelimir.ary investi gations on selected aromatic aldehydes were 
carried out in order to determine if other aldehydes gave products 
that were analogous to hydrobenzamide , which i s the prcxluct of the 
condensation of benzaldehyde with liquid ammonia at -33° . (See page 
44). The results of these preliminary investigations indicate that 
more work needs to be done on the condensation of aromatic aldehydes 
with ammonia. Only liquid aldehydes were studied so that if a solid 
\'lere the product, condensation would be evident without imnediate 
physical measurements . Recently Hall (77) reported the 
reduction of arDrna.tic aldehydes in liquid armnonia with lithium without 
condensation taking place. 
p-Tolualdehyde yielded a liquid when condensed with liquid ammonia 
.. 
at -33° . 'lbe nmr spectrum of this liquid is not the sai'De as the nmr 
• 
spectrum of 2_-tolualdehyde. The ide~tity of this liquid still ne~ds 
to be established. 
Anisaldehyde did not condense with arrnnonia. Anisaldehyde was 
recovered after work-up, as determined from corr:par:ison of the nmr 
spectra of the product and anisaldehyde. 
~Chlorobenzaldehyde yielded a liquid when condensed with liquid 
amnonia at -33° . 'lbe product's nmr· spectrum is not the same as the II 
-, 
spectrum of 2.-chlorobenzaldehyde. 'lbe identity ~of this liquid was not 
established. \ 
o-Chlorobenzaldehyde yielded a solid, m.p. 105-8° (recrystallized 
from ethanol). The solid i s believed to be XV analogous to hydro-
benznmide . (see page 44). 
Salicylaldehyde yielded a solid, m.p. 168-172° (recrystallized 
from ethanol) . This product is believed to be XIV, analogous to hy-
OOH 0~ ;;f~--~v 
. ()oH 
XIV 
' 
drobenzanri.de, but its structure has not been detemdned. 
['>y };/ rO ~c~ ct oa 
XV 
(49) 
THE BffiCH REDUCTION OF 
BIPHENYLENE 
Baker (37) reported that the reduction of biphenylene, IV, with 
sodium in liquid arrrnonia yielded 30% biphenyl and unsaturated oil. 
Atkinson (75) reported that the mixture of products resulting from 
the alkali metal reduction of IV in liquid amnonia underwent dis-
proportionatiori during the distillation reforming a small amount of IV. 
Barton (38), in addition, reported that the reduction of N with 
lithium in ethylamine-diethylamine at 0° gave an 85% yield of bi-
XVI XVIII 
phenyl plus a small amount of a tetrahydrob;yphenylene and 1-phenyl-
cyclohexene. . ' 
THE BIRCH REDUCTION OF BIPHF..NYLENE WITH 3 . 0 EQUIVAlENTS OF SODIUM 
AND EI'HANOL IN LIQUIDAM!VDNIA AT -336 • - -
'lhe Birch reduction of biphenylene with 3.0 equivalents of 
sodium and ethanol in liquid ammonia at -33° yields 1,4 ,4a,8a-tetra-
hydrobiphenylene, XVI, 4,5-benzobicyclo-[4.2.0]-octa-2,4-diene, 
XVII, and unreacted biphenylene, Dl, in a ratio of 4:1:11. It is 
unknown whether XVII was produced initially or was the result of 
. ' . 
(50) 
is()J'I'erization of XVIII during glc vmrk-up, as suggested by Braun 
(74), who reported the apparent isomerization of XVIII to XVII. 
XVIII was synthesized by Braun (74) by the reaction of benzyne with 
1, 3-cyclohexadiene. Braun did not report the isolation of XVIII 
nor was it isolated in this investigation. 
'Ihe production of XVI and XVTI as products of the reduction of 
biphenylene with sodium and ethanol was in contrast with the results 
reported by Baker, (37) and Barton (38). Biphenyl was specifically 
looked for in this investigation in all the reductions. It could 
not be detected in the crude product with glc and nmr techniques. 
Possible reasons for the differences obtained in this investigation 
and those reported before (37,38,75) is the addition of another proton 
1 
-· 
source and the relatively brief reaction time in t he experi.Jrents of this 
investigation. There is a possibility that the product predicted by 
I 
Streitweiser (14,39), XIX, was produced first, then isomerized and 
r educed to XVI and XVII or XVIII. I 
. 
I~ 
XIX 
BIRCH REDUCI'ION OF BIPHENYLENE vliTH 4. 5 EQUIVALEm'S OF SODIDM AND 
E'lW\NOL IN LIQUID-Al'.sJI'IIONIA AT -336 • - - --
'Ihe products of the reduction of biphenylene with 4.5 equiva-
. 
~ . 
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• I 
lents of sodium and ethanol depended on the rate of addition of ethanol. 
This statement may possibly be applicable to other ratios of sodium 
and substrate. \oJith very fast addition of the ethanol, less than one 
minute, XVI is the only product isolated. With very slow addition of 
the ethanol, l drop/20 seconds, over a period of 3 hours, XVI was a 
minor product and XVII was the major one. In addition, there were 
ti'iO unidentified products that are each approx:imately equal to XVI 
in amounts . No unreacted IV was detected by glc and nmr studies. 
BffiCH REDUCTION OF BIPHENYLENE WITH 6. 0 AND 8 . 0 EQUIVALENTS OF OODIUM 
AND ETHANOL IN LIQUID Ar•Jri!ONIA AT -33° . - - -
"/ ) 
The reduction of biphenylene with 6.0 and 8.0 equivalents of' 
sodit.nn and ethanol yielded in both cases , a complicated mixture of 
reduced IV. No unreduced IV was detected by glc and nmr. Both 
XVI and XVII ~ere minor components of these mixtures. Both mixtures 
were composed mainly of three unidentified canponents. The resolu-
tion of these mixtures and the identification of the components 
rewBins to ~e investigated. 
I 
' . 
ASSIGNMENT OF THE STRUCWRE OF l, 4 , 4a, 8a-TEI'RAHYDROBIPHENYLENE, XVI. 
The analysis of XVI ·indicates that the simplest formula for I 
is C1;JI12. The mass spectrwn gave a molecular weight of 156. 
'lhe interpretation of -the nmr spectrum_, Figure 19, was also con-
I l -
I 
• 
' 
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3000 2000 1500 Cl·k1 1000 900 800 700 
h.u~LL..Ll:..J..I....l...f--!:~-.l I .1-L.J.. I I : I : ! I I _I I I ' ! I II ! I I I l I ! I I I I I I ~-:........_ __ ,. '• _J.=r:_,_:r:.::r~ffilml o o I I I ! • ! 1.' + t:!:!:• • .f ~~~..c~- , I o o • • • • • • • , o ' ' '' ! • • I • I ' ' --:....: o p 
• I . .. I • . ! . 4 . . l : • : ; I t • I I ' I t I • I : ~ ~ r ' I t I ( l I I i I I l I ; I I . .·I I I I . I I I I r . I • • I • ' • ' I ' . I I I . I I ·+· t•l· l · •.. , l . \ .• . . I' I~~ r· ··r J. --···· · ~-1· ,_ •.• L..+ .I • . J. • I· . J I m ... 1 1 ... I . ... I I ... . ·l.J .. .. I r- .. • • . .0 
I .! .• I : . . · I · . ! . L iII: i ,' i: !' \· :· ! ·! i :! !·I l l .: l j 1-I· ~ :· J ~T ·-+ 1 -· ; rl· .!-: r'·imJ,.! ..Lf j .i .. ,~ -~- 1. .! ] l·l'T !·1. ·! !·111 ! 1 i j·j ·j-1·1 i· .;.: i !' ·l·•··t·' ! jl .! I j · ·-- [ l ~ ~: I """ ; ·; ···· · .. ··· ···!· ' ' ... . !" !" i t ' l l .. , ~ : ~ t-t-·-1 l .. l·r'r-..1 ..... 1' .:. 1 ·I·Ht- 'i ' J. !-,.,+-,·r··-'-l. .. ! . . , • . ,.!·I "1'' 1-t i.j · ·1· : ., r ' ' ·1! -- ' s .. !: lr • · -- • • ! . , \ ;" r · :r· :::·! r-i- • : j "•• : ·H! ; 'l'j• ! :·! r : ·I I' "J IL,.+, T ! ~ l +l·.·r-. · 1 -H ... hl-i ··i· i· j'· i··} · ~-·+ 1 -i- r i·!·--···T . ~·· I .;. ,r ·t·h! ,!· ; ·: l · j 1 :! : ·l : :l t:· ' • i 
r• · -- ·-·, ... _. __ - · · s ... -----··-+- -·.. ·· ··--., ... r ·l-•·r · .,..,... -·r- - ·-;-r- 1 -~r:-. - t • - .., - ...!...1~-r-H· -~+- -~-~- - -r--•--t··- -'-- - -~ .. ... ~ .... 1- - -I i ·'-r-" · -· ~--,-~ - ·- · ' · · ' ' ·-~~.:...- •: ,! l ·. ; .. f., ..... r-· -, ·- L .. ..; .... ·· - ! ~ T:.j_.j .. .. . , - H· l-- -· 11-1 , .:t "· : : .. ! 1 : ·r·· 1 ·:: t l •. : s 
, . ~1 . ... t :-'···! 1:.: . ··r: : ! , , ; · · · 1 ·i'i' ;~ . r:.u ·· ·- r- ·-!-!-,1 -t~J- :. : · ' - ! ·h·f 1.1. -1· T1.!-1·:·-J 1.,.T:q. , _,f · .. ·1 ,+ . r14!#\ '" ! ' 1 - :·J ~ - ~ ~ . . : · --· . · · ~ · ·1! ... . ~ . .. .. ,. ·- , ...... , -. , ~.~ ·r·'~'·J~ . ' I ... t lf.J:t:t1l 'T ·at·l··l .. j . r .. ~r ··· ··-1· ,. , . . ~. ~ , ., , . t •i·t· . .. ,. , .. ·· -· ' ., --· · · ... , .. .. L :.:. , 1 ·J .. :.: . :.; .. 1 1 . ; : l i .. '· l ,., , tl'! .: . ... ~~.,. • ' ' ·' ·f\·· .. 1 - 1 • . s. ;.Tl; . • 1 •"1 , .. 1-j .. ~ : .. ; s . . ..... 11 1. j 1. . 1 .: •.. 1. :1 .1: .. . ;. ;.:: 
_ _,_ .., --+..! ___ I I o I .~ I 1 : ~..;. ~~ : t '. ' '- , ,.;_ ~t. , .,. 1 '-:-:-~-•1 •;,"7 :-r-+-~-:-~ f ~ : 0 : 1 I ;! I i I ~ 0 I j 0 - ~ : __ ._ ... ..,___..) 
:·· .. f ·. /ta! · ·· ···· 1 i ·t~· ! · ~ · -· H•Tt r•· j · ; ·;· -' ··- ¥ ' 11-1-, ~. ; \~r r· : · ·• · ~·:·: r •· ;-H- f r---·-· ·· · ! -:~ - '- ·l · ~·· · l'f ;t· t· l ,., .! ;i · 1·· · :·· : :: · : ·-- .. ~10 
. . ... \jl ~".l · .. :: ·: :· · • • •·1 ·::· : • 1' • : :-· · " ,· ·J"· lr: 1J .. ,.L. ·.• •· · ·: , - . • :....:..:..!...:• . ··r, j-·-r-·: -. · ~- ~ -J - 'l'L' ·I · ·: j1 • '·H--· · 1· ! · · -·· · :j ... s ·· : · .. ... 
• : -- · r ·. , ·--:· • ·~·r : ·' ·:r- : · t- :·• · : 1 ·:·-- : t: · r,-:·· r 1-: ~~-f · - · •1 ..s . '-'"f""~~ -!-·· ; ·,-t-r-·•· -• · ··-t· - t- - r ·t ·· ... L ...... ·! t·-r -~··· tt 1 · 1· · t-t ·•·'- ·•- •· •· 
. -· . . l . •'' . ....... JJ .. ~ .. · i ;·:! I I+ t •• j i 1-r- !.: 1'''1''-· l' · '·····1·h+IT~ ~--· ·.+ !+l-1 ·1 ] ;"l"l'r·-;- 1--1~-r"·±··-t-ffi-·1-t·l ·; -; · ;- · l · ~ i I LI-t : · : - ~- r 1· ' ·:· 1..: . I .. , . , , .. ~ . .. 
-----·- - · ~~ -r- - - ~ , .. --; -·-·-·· · -~-t· j ·--1-- g I -..-1-'- . ,..l. ....... o-+-+-··.... --1- :t~-d- .............. n...,...- -- -~!....J. ..~--;+· 1-- _ .... __ -·- ' ~ . .,... _ _ .. __ _ . · ·-- -
_ , .. .. . , .. • :- .''·1·- !"•fc" l · l· •·' ' ·•· ! ; ·'· ··! .. : j ·i .. ·i· l· .,..,L-' - -1-· ·1·~ , . .. . -'·T-':t ·1 ! · r - r+ .. ·r-H·I j · t-L: · I ·t~--r·l ·-: . .•. :. ;.• ... .. , . :. , ..... ; . · 
"' ' ••• . .._ f ' • -· ·-· , .. 1 -··' l., . , I ...... , _..., . . ._, f ' t -1 - - .. . '· ' " t- t · • 1·•·- • t-1 t - - ···r-t .. !. + .., .. ... . 'T' ~ ·tt • -;--,-r · · tf - . . ,. .,. · • .., • *' •• t --- " f ·''I·· ' i . _. ' • ' .. .. .. 
L .: l'" : l/ · ·-··' ·l ·; ... ll" · r·8·L·. f·l•· '· ' .. ~ ~ ~ .. -L!.. , ,, i .. I .,.. ... ,_i·:·i·! l . ... t~"i.~l--,..., . ,-+-f-- r-'·· -,- J.:..... ·•·--i-1- ·1··-·-• .. -J. ' '"·!T J· I-1·1 !, .. ,. ~-·· ' ': · •·'!--· :., .... , . . n • .. •. ' ! .... • ' 'I • ·! .. , .. ' · '' . , I I • J j . .. 1. , . . .. ... ·1-- 1. , . '" •· ' l •i-1 -1· ! ~ ... , . I · " "! '' f -~--\ ·/ +\-.. •- 'I •· <-• . ,., ! ·o " • l' • • •'. I .. • . " : .. ': ' • tl' l ,....0 \ ------·t·-·---·----- -·-·--~·- ~-1---- -----;-o-.--- ~ - I - - - - - -- --·-- •. I 
-'j " ·i I' !' . . ''' !· . ,, . ,, , : ~ :: ;,~ · : ·1·'• ·! l i' l jt' ' iji' ' ' llj ' ' · !t·--'1·1~··: · 11 ,· ,,. 1·1 •·' ''' I I' ' • I I ·: 1!'' t· . ....... .. , . . • L. 
. j_ .. . , • • • ; : ; t:, :~; : ~ : ; : - ~ ~ ; l -- 1 1! .J ; l : .. 1 f ~) j · . ~ : · : ., --i· : ~ · . ·. ! i . f ! . . · ~·. t-!-it , '1·~. ' . ~ 1 . 1 l. t·' ~: : .~. 1 : • !~ · · : .; : :!1 a; .: : .. · : 
. .. .. .. .. .. ... . . . , I .. I I ..... ! I. , .. . . ,.: , · ... . , JI.L~ _, [ ... ! l.lll .1..1·11- 1-L .,. --·1·• ·· ' -1· 1 Jl .. ' · I· · I f .·• ,. ; .I ; ,I, .. ..... .... ! .. L. -- --!- . !L ---- •. -- · •. , _, ·- l-!--··--1-•·t ' . ~ ... •. 1 .. . , .... -L~-f: .... ;- ...... ............. .., --+-t-- ......... 1· -r .· .. ,_,.J _ __ .___ .. .,..., ... U ......  j ..... 1..,-l -...... 1.,_.. - ---- . .,--- ~---·- .. ~ . - · ~~. ·~· _ .......... _ • I ;.-·.- .:: .t . :.: :; l :;:·· -1:·,.;· :· ,: li::t :. ~ ~ :· ·1 +r.l ·, :: j· . r:r .. l n :·: ·1.1 '...r:'·1t:.! ... ,.:.t· ji:[ ·;:·.l='r j ·' ·!·.: J r ;.1 l:h-:. · :; ; :.;; :.: ·· : : : · ~~~: .: :·: : 1• : ·-:: 0 . .. : . ... , . . ·. ··•· . r .. l·· , w..wtl·· ·' J· · "·~ · •·r.l1. 1· •--t•"-'· ·!..1 . . , ... . t r ..... r··t · . . r., . ... .. ~ - · · ~-~- rr.t .. ,,. , .. , , . . .. .... . .. . .. . . 1 "() , • • • • • ···· ' '• · • · ••• 1 · • • 1 • • 'lt Htti!· •· 1 ·•....4-.J._t·•· • •· tt·r-• , ., - .. •---f-· ·1·-··1 - - -- . . . .. '· l •t• lll .. ..... 1 . ,. • · · • · ••••• • ·'· - ' I • ·•f•• . \ r----:-. . . ~ -:· :-rn· TITff·, ;-t-:-. , .- .
1 
. . .. , :-~-,-:- . . I. . . . , , . I. ,. • I, .. - . . . , j . . • ~-n . . I . • ~ ..... . I . .. . .. ' , .. , .. ' .. I' I I~. , . I ' ' '• · • 1' . rr' - t 1·.:- l-1 I .. , . I • • 1- - .. ,.. ' I . .. 1. · r ··r ... , l-1 I ... t ' ' I' I . . I , • ·t • , • • ' , , ~ • ! ··· ~· ! ··: : ' : ;;. ·l: :,. ; ~~ . : . ;l . . jl ' '·! ; i f l·-- ·~· i i · !· ··L I ... t f. !t r r1 ·j ·' ·l-!.'·r·j--l ·j .. : ·LI · ~ f..tl-· ~-~ . ·~·l· f j· lJ! .. : 1i1; 'l l jjl'. ~ i l!· '.i !l. ;.: .: t 1· - :·.' . ... l ... , .. ... ... ... . . . L- -::· · 1£· 1 . / !· , · ~, · · ·' · ·· · · · · !'-· ~ · ·· · ·-I I .· f .... ,:l , .. , ... . ~ ·-mj · l·' .. !.l.'t· . ' ..... , . , .. ,I .I .. .... I, ,, ·· I · .. .. . . 
I ' · ' 1 ···· 1 " i · •fr ! ;·!! : t ; ... i.l .l' · · · ! · t i~- :-HI-:·h i · iH I :::1·1·1 !!,-... l·!·l· - 1 i 1 , I· : ;! tl !i: : 1 : i 1 :: · ·! ! t ! . • J .. I 1 i : 'l·: .. 1;" --... - _.__...-._ -~...,....-~, .... .- .. - . - .... --
1
: •' · ' •:· •::· •l· · · · l:·:·:! r · : · t'·t!H, l ! l , : ;.fL,f t·H-+~y· !·H·:t ~· ! 1 .. 
1
·'ittt·!i · -'l ll- t·· l·l· J~ 1· ,.: , . . ' :' i!:·i· ' 1-i• J' : · : : ·.r,-:-il·· : · ' ...... u •• , •• , ... ... t4 • • I . • • .• • . , . • J I I . , - .. . t ., . .. 1' ··";t ·· -.... ·-t· t "' - _ _ t . • i:_!.:'] 'J. +-, A 0 "1 I· .. '" ~· - ~ , 1 ,, . ..... ···· t ' 1' , • .• · : • • - · ·· 
. · : ... .... . .. : :· 1 · · '~; .. ,: ... :!,:):.; .. ;~,~ ~ - J-· ·-: ·,M . .r:·! .. ·!' ·•·H ! .r..~ r-~J · !, .... rli·-j·t-LI!. 1·;· ·r"· l !.~·l · i - ' ' J·· .. l i.!. ! : , • . - : .. r · 1 . ; . ; ·1~ · · •· · ... . 
r .... .. - ·.~ . • :.., .' •··. ·· • · I . l ~-4-•-· -· ;:.. .. . ~J• !· · ... ~ · .::;.: .. :: ·•-t·t· ' .. :_i:~ ]-.!..__! _; ~ .... "'"'lt· ·•· ~--1 - ~- -t -1 -l . 1·!+• · .. · ~ . I , .... ,, ... ' ~· 4 ·• t ·' ... -'·-·-· -· t.: .. :...:_·l• ... l 50 
. . . I. ' . . .. .. . I . I .. ,. : I . I . : · · l'i ! WI ·j --r-r:r:-7--· i:t-:lj · , .. , .. :.,. , : · ! :·rJ 'llLr·i l '·i·!. '.i 1 ~, .! j·l -'"''' ! ' '' .I ·-r·' · l . '' !., .... . i .. :·· ' ".: j· .. . . .. 'I • . , .... f : • · ; · ' ·. · 4 : :· · : 1 · : · ! ; : :· 1 ! .. : '!.~!, : · ~- , -~ ~: ~. , : 1' : . ~-:! J-,-... t · .. --- r : : f : l .~ •: =.;.7:-- :- :.;, ~~~ - ' ~ · ; . l.L ~ .. .. r·:-::-:: .f.-ri~ 1 t l. j·•·t : : ~ :: i ~. ~ ·.: · ~: · : : :· j · : : ~: ·:: 1 
(''\ . · t' ' · ' · ' ' 'l . · I · . !1- J ... . , L .... •· ·~~ · ·• · · · · •·· · l ·· • · •·"' l .. . , .. t,l: ., ... ~ ..... : , ,1 ... ! .. : ~- • - •t • ·-t·•··· ·-- t • ' . .., ~ . • . . , , . . .• , . . t .t ·•·· .1. , ·• ., . • 60 
'-' .---: : .. ·(:-~ · ·-;· :·:--:-~·r :-:-71·-:--. -, :T:::-:-=-r :-: :.· --1 -;·:T=-·:i!TT7.t:; .... l i :r-:;r·:.n·;-:-;. -:::1 .. ·: f f-:-;·: ' : :. ! ·; .; ~;:-;::: ·t-;-:-;:·.~-~::: : ; :.:: :.1' ' ' Oi.""T"'U' ·" '~ c_;-;-::;~"'l ) I · I . ... . .. . ... . .... , . , .. . l j .... IJ ·:l .. I ~ · · · -- ·J_r· · · · · · U:· l- .... . ~ llt .. · ·--· 1--.... · t··-, .. ,.J_ ...... . . , .. ., . .. 1 .. ... ........ 1 .... ..... -o L r ~ 7 -t-,-;- ~: ~~: I . ~ ~:t~~ -t> ; 1 1 h , -jn·i"i~,~~:- l .. :~~r~-Ti:~ .tr tt tj·i·: .. ; -~:! · :: 1~·;:~ : !.-;·; ·;·.1 t~\ : -~ i! i i ·~:: t~-:- i.L.i; ;l; ; : ; :; i ij_i i:; r-; i ; i i; ; ~ ./ c-·· "";'r -:-:· '7 :--, -. .. ;- ,-:---:--:::--,-±;:~-tti""i:r; ..:TI'Ti!T'"7TIL lTfiTTr:r-.1 -i'T'-r : i I : I ! ! i i ! il ! I . : i I I I ; I I ! ·:-;-;-I :I Tii-:-;-:- , -~ I -. -. -. :-, . .. . ; . ~ 
.----J -·----- - I ·---L.:~~~ I ' ___,...L'J..U_ -:---1 0 ' . : . :. i t.· ·· :' · • ·l :, t ·t ! ·11 11 :, 1 1 ' i lllt ,t t lli l i. t l t ; i l tl • ~ l · . : 1•,1 , , 'I .' ~ I I 1 1 : ' I I '· . · . ' • 10 • ···~--·- --:-:---•--------:-:-r-;-r ·r-,-.-r-•~....~ jj.'TT'i-:....-.-. .; r I I ! ·~ • . ' . . . ' ' , ' . " ' ' • j ' , ' . t . . j . . . ' • .. -- · ! ·:·-· I . :.' ! .... , : l"t ·~-·-L ·--1 --rt ,.J ':··...;..+-i--·r-,···r,-:-1- L l-r'" .... ~ f+O· ;---,-1. ,...,., ..... .1.+-~LL ..... l. ~t-T-r--t-·1---i--f-+....!-h·~ .. J-·- :- · · • .. -! •·• I· ! -' , • •. , .... , . · ·: ~.L .. . .... I • 
-- ... ~· · --:-~---~ • · · ! .. J •• , .... ... - -·, ... 1 ~ ~ ~-- . • , .. ,.-1-,-.. ~-'-·, '-~ -t .. ,_.~----· --t· ··H·<t ...l.- --,- .... ,.+-~::l . ...... t ~ ·1-~-t;-. - +t-- : -.~-~--1· .. ...... f - ·•-..._·-· · -: -"- ..J--· ~···--;·-·; r· l-.... '. . . . • · t , • • , ·!·" .. • . L":.' !' ..... ,. - t::t:,"\:.1 ........ L..I" -'-It ... , .... l . .t.-... .. , -·· •+·-t::;.-.--·•·1·+-•·•-·-'--·--- ·'" I·--~~--- -•--.:T.•·"· . ·""·.-:-::- - ·-•·• ··- · ·t ·•· -- · ..... '+- · ~· • ;...:...:.~.:...;..:.·J -..;.;· .'; ... ;.:..;...!...tt· ·- · · ·-· ~~ .. -.--·-a ........ 1.~ ...... -. _ ...... . -;:.J ........ ,_,_ ,_(=-jr·-.. ~  . .. _ .. _. - ... - ...  .. ·- - ·-· ---- ··- ........ .. ... .. · .. . · ... -· · ..... ..... ·-:. L~i . . f ·: : i I ::! I I ! I. I ; i I I I!..' I I ·'I I i I i : ! I ljl.lt :Till iI I ! I I : I I:: I; ! ! ,, Ii I: I I I ll I I I I I I Ii I l: i . ;f l : I i! I. I l I iI. I . . ' I ! ' ': . co 
3 4 5 6 7 .8 9 1 0 . 11 12 13 14 15 
V/ A VELEt~GTH (AAiCRONS) 
Infrared s:9e.ctrum of 1 ,4,4o., 8a-~etrahydrobiphenylene-; XVI. 
) . 
.. 
~,( 
'Figure 15~ 
..... 
_ .. "'". 
·, 
(54) 
·. 
0~ ···j ··· · ' '' '·L· · . T·~-:-""r -~··-.---,-·~-:--.~- ·-- .. ;r~...---·:-r-~~- ~ .. ... -···· ..  . -· . . · -·· - ·-t· ··· -- - - - -·- -· -- 1- --- ___ .. .. .. .. , .. --)· ... ,·:., . ·-'f-J. .. " . .. ' ·t ···• l• . , r .. rr ' · ~ · -· ·••"' •·"-'· •. - ... -.--r •""' ' l-r.· -~~.,-.. ' ' ,. F • ' ' ' ' ' \ 1 ' ' ' ' ' ' • • • I ''' • •• 1 -,.~,. .,. - . .. - ........ . ~- · • ·•-· " '"' ' "7"'~ ..... 1'' l •t .., .. ,-· , , .. , .l i.o • ' •-\ •- 1 ....t. ol • · -<# 1 1 o O f • • 1 • • ·: . ' · .f : · : ! : · . . · · ·! : ·· . . . · .• · . : . ;; :: :; , : · : . .. i : 1:: • • : ::~ ! .' !1 : , •. · .. ... · ·-: · ~· . : :: ,· : - ~: . : . . ,. :1 .:, '1': 1:~· .: 1 : : :- :-:- i 1:-:;q: , .. , •. :T ;:-: ·:··: .. .. . , ... ·. ·:·: · •:----: ·· .. , ·~..,._" .• ;~" · : ·:· 1 •:1 : · •['' : , .. · ~!> · .-! . ~.1 .' , ' ., 1 · !.: · .. ~ !. ;: ; : Li \ : .. : .: • ~:: ~~~ !-!': ; : f : ,: · 1; ·j I i : : j·; • ~ - ·,;;I : 1 . . ! ' .: ·.: ~ , !: .. :1 '! ' / : •:, . · 1· .· : , ;· ! ·' , ·; ! . ·. !':- • : ..... ~ . ; . .... ·. · ... t' I ; · I.· . • ·:~:;! :: . • : I '1'' ' '11' •1· 1" '[ 11' "11 .. ' 1· : "1,",!1 ' 11 , :: :1· . :!· :1 ! 11:·: :: • :: : , ;· : . · ·t:l : :', . ,, , . " I '. 1'" ' 1""':: .• ~ : . .. . .. : . I ' · ~-: ~---' · \ - !~ !-~ 1 .; .:_L~_ · t:: : ... Lr.~~ .:..: ~: .: .. ~~ · : :~.> ~ ! :L2.1.:-=~:L; ; :J i. .j ,: l: :. ' f- : ~ 1 ~ ~ :: :. :!li : : : l ~: : 11 :! 1 ;; :: i;:J :' :: .. I. · : ·: ~. t. : i : .: , : :; . ·:;: ·: ,: :- t·.-:: .. ·L . : ! ; : :· ;, :. ; . : : · 
.ll . : .1 ·: :r,: ,. :· ::r::::.: ·:-1-.··,..: :: . : ,·:p::: ~ !t ' L: . . ::,;, ! :::, : ,: .--;: ; -:-1-,!;·i~r, ~:: ~:·, :~ 1-;1:-:::i · o:, :,·,-,-1-:-:-.!r,:;·:;· :--;·!· l::·d--:-:·,. ~:'~':-:-:-: "·--:':·7:-- ·,~·::- -:-· · . ·-:-:-;~:' : - ~: +~: -: - :: .... _. : · -~ - ~-7:~:: - : :..: " .. , 
o o , 00 0 o 0 , •, ,, 0 l 0 0 o o 0 0 I 1 II I II o I l j o l o of 0 o l o oj 0 , 0 1 , 0 o l 0 ' 0 1 0 ' 0 ' 0 o Oi o ' ' ' ' ' ' Ooo ' o o o o llt O • oo o o • oo o o v. 
·: :·T ~: : 1:. \i: . :·I::: ~T: :~~! : 11:::: ;'ii t : :!~ i H·:- ji ·i~ : t,. \~_T i i: I' !l [~ j -: ~ : : t' j ~;-;J ;) rf+i ~d ;: :~ I \H·j~,:-H ,~t : h,'· i ~ ~ ; I : l H:,r-; ,: Iifi·: ~ i I ;.!~! 11 ~+J~; i -J~: ! 1~-'-: ~ I : ; ~;i~- ~ : :1' ~ ;; ~~ : ~.;I ~: ; : ~:;:!~ : : i :: :.!, 
4. -'..:-~~:.:-~~ -: 7 ·t = · .- :~-:-~;i .. ~"7 : ,)1 · ··:.:.~; .:..:..!.!. : ~--· .:....!. ~:.;..-,....."· .. ~.:..:..!.i...U~~ ... ~ .. l :.!..!.! ·.l.J· .!..!_: l l :l . .. 1j ; -~ t.J_~ l: 1:__!..,': ,: :; : :~!1 !; 11 . : .::· ' , :& ; 1: ::· .· .!!::· ··:: 1::! :~:: ! : : : · ! ;i:: :. l : <->:J ~ : -~ :~ : \: ~:~-~~ ~ ; : 1- )~~~.~~;~q'.· ~ 1-> l-\i;1.w : ~ ; !-~ li,\: l :;.: i,, :nh,:: ,! .r- ;;n t ~;.nD ;:l~m tffi! l ~1!t: .. i 1tnrm~ 1 ~~ 1.· ,n:;~t;n:nj·:,l~nrd: ~ i i ·,~:;!'r:~~~:Jc~~ :~-~!;:~ :·i~.=~ 9· 
t oo o o • o • o I • o o 00 00 ' • I I ' I ' • I oo ol 1 o 1 • 0 o 'I 1 I 0 ' 0 ' ' ' looo II fl o + o o t o oo l o o '11~--:--l:L, . .:. . ,;.;.:J~.: :~-'- .J..b.:lg:.· :_: ~! ;: i ;I:::]::' It ! I \I : , I !I ! ' !JI ·\: ' I ' ;!: I, I :II I [;; l!t plJ::: tl !i ! i I ii . I l l ! i d;! !I j: i 'm.lll.: i rl t : :1 ':: ! [! I !! : : t ' J:I: 1!1 ::i: :· :I I ; l . : :i [ : : :- 1: : . . !01 
·.. . : : = ·:: , . =: t :: -,· !:: : i1 ·:: : 111.. ·::::: 1\: : ~~ n: f:n·r:T; ~ 1 n:~1 r:; ''7 :\l~:,.-;,~l· ;~ :-1-~ rrl : ·!IT~~~: :'Gi! :·. ·~· : 1 1m ·,. r: i: l!iH -t~~ -~ 1·:ntr:i ;: ~~,· 1-'1< :1-rtt~r-+j: ·it::(f~·:::;: ;;: :1-T.'!-i' ~:Tr:: : ~,::=-r ·.1. . '"': : ... : •• 0 0 I - · :: ·· :-: • t. . 0 .. . ·4 . . t •. • ~ •• : .-~ ~ ~ .;' !.; : 0 =-~ )I ,.l. ~ i.. :_~ ~- · ~: } :' ... I.: . ' • 1. I J ; : . ...:. • ~ . 1 ° • ; • 1 • I. 1 I~ i j ' ! . . . • I I i : I I ' : : ! : : .. ; : : I ~ I I i I : ; : :: j : I : :: . :: :. : 1 . : .' •. : : . 0 ' 1: : . .. : :' I .. I .. . t" ... , .. ·~· .. ' . .. i' l'l ;· . .. . ' j" ,lt.'•l ' I I ' ' . .. j .• , .• . j · ,.·1 "' · · ·lt'l~l .. '.rj;-·--· ··-t •r"j''.:J ..... . l l .... . .... ~ •· - · ., ]'' " ........ ! .... , ...... _ .. , .. . .: : :: ,. . : · : .. · : · .~ 1 : · · . : . : :, 1t .:· r · ~ ' ! : t .. ; : . ~ ~ . -~!: · . ; . , ,· :• m'":• ; · I• ·, .: : , t ~'f - ~ ~ - !,: l ·; ·, i';:i : · , ; : t· : · : .•: · ! · : ·.t 1· . : : : . : : : · . .. · : ::: ; : 4 ~---~:-~~·- ·~--~ ..... . :.:.::L .... .. !.. " -·- : :l~~.!.;.;..;..!.; , , , , ··.:J....::.:1•..;..t.L;.~-:\ : J . • : 1 t.:.:!.~ ;.1 · i.!..;_: i! ;:JlL!ll : , _!, !r:: i :: ; :1!:,:: : l: ::1; · ·1:!: : 1: 1:• .: :; :!: : .;:: ! ::. ; · : .·1 : : ' l': "· : . · 1 • . :·. : .~t . .. .. ,. ; , . ; •. ; : ,;•·. , :· : ·: ! ;: 1. · 1 ; :·:r :• . ~ ; · ~:· , a : : 1 ·• r '· ' · 1 · f " · , :- lj.,. 1 1 • ·~.--=-~ · ~i •"!''"":"·;-"'-· ~-i~--·T~ :--:~!· .... i~ o~ -::7 .. ~~~t~~• ~- .-~-:-. . -1 .. : .: .. .. . 1, ... . 1 . . .. .. . , . 1. , . , . .. ~ ·~ · ~~ ·- · j· r· · l , . , , , , .. t ...... . ,.f!·; l · ~ ~~ ; , ;1 :: "I J :• · · · III : !: I ·H, . ' · · n t ~ , , 11 11.1. , ' ~· ~ · · t f·~ · ~, ... .. , ... . r ... ~ . - , .... , .. . , ....... 10. f · ···~···-•· ·• · , ; ;.: .. : ~ i ' :!:; ~ ... t . L; . ;.~_;! t : . .. ~ • • ;_.:: t,:.:.t".:t. .. ~ j •• ,l: ~ t i .1 ~. · . to~ : • · t · ' 'i+ . ,,, •,: !:, l ! t •; 1: . • L' ill t ! : , ' l· ;tJ! I! I •" ;i ' , !, !: J: ; · ~ :l :;i. : ,., . : t !' .,:: . . . 
1:: :-; :: .:I::: :Jt , . : : :i· --~~ · : : '; ·. ·, . :: . :: · ,::;:r::: · . ! !tll l ':l! ::,•, ::. : : \~- ,·:!:j lt'I·U"i j: : ·,;1-jT!.,.I!:· .j j-: 'i!! r:r~~ -:·1: ,-t ! · , ~~ :::tl·. :: ·~:~ · : ,· ~~ ~· r:::·:l;r: ·. ~;::1:-: , t· : ~ffiili· : ::: :~:~· ·· ·::-, : .. · 5 I I • " • "'I" • J' " 0 " '• "" " ' • • '" ' ' • " '" 1 • • ' I • I I • 1 o j / •' I I ,o 'JI ' /' ·' I '' j ' ' ' '" 'I' ""• i£" " ""!" • 1 " • • • • • , • ••• • • · · I • '1. • • • • • • • •• • • • , , , j J .t . · · I • · . • 10 · ~ · . ' 'I ll • • ' ! . ', j •• •• 1 J , 1-·1 : .: . I!' I I , ,, • • • I ' · t · • ·• · • . •• , • •. • . • I ....... . . ....... . ,- -:~::~·.- ~:- :-:-1 :-:--:-;i : -1 : :·.-~ .-, .. -.. :~··7:;:.;;-:· ·.r:-i' .. :=: ~~rr: ~t·; ~· d .~:-:!:·: .~ :-;-· ~!-·, ~ ~~ 7:-~ , . iT • ~:..,..::+;r-~ -~n~·.:~ : :.' , : -~~~~~~: ::: · ·:· .. ··:: :: : !-:-:-~•;_:.-:::~ I ... I . I .. I , . • I .. .. ' J. .. . I ·I . . I . . . ·I· . ' ·I ; :: . r· . ill' I I :i: . ,· I . ' . ' ·, , , . I r l I . : I I :! I I ' . I~ · • 'd ' I ' I I! d !Tf" f . II ' t' . ' ., .. ''[ ' ... ! ' . '' I . . .. I, .. 'w· ITI ffi£" .. 1 .. . '.. .. .. .. .. I. . .. . I 0 . , .• •.. , . • . ' . ,, .. ·•· • ' . ,, , , , , ,, • '' I • I ' ' ' ' [' ' , • . II  l :i .. ,, , ' ' I' 'r l  ···r .• ,. ,, . ,, ' •· · • I . • • • ' ~ . • , • • • • ••• • • • • , , . 
-. - . . ... . .. . ... . -~ . . . .. , ..... ·r·· · . ··· ~ .. .......... ·; .. ~ .. ...J .i.l.l ,:_t ~ .. ~ : ~.: -·.: · 1· ! :...; t ! . ' 1 1 j ' , . ... . , ~ · ~ ·~ · t ' · ' ' 'I · 1 ···I · · · •f · ··1 ·· ·· · ···· ·· · · ··· ·· · J •• • • • •• • • • • I • : ;. 'j , • ; ,; • . ; o " ::: •1 : : ' ! II, , · 'l ' l " ' ' " i ' l•' " " '" j" " j"•=-f•:l: ;., ., , 1'' ;·;. •1 -,, , ",·;:· ,•,:·oJ;;·;: ; ,;· -::·;," ••• ; • 1 ;';~·. , -:7 / " ;·; : !; ;•,-;-; ; ; ;i~~·:·;~ ;;;;'; ; ; ; ! " : !"; · : · • , I .. .. , . .. ! I .. l ·. I . I ' . ... , ... ,. : :: .' ! I' ll , ·" i ' ! .! ! f ! ! l j ·: : i t' ' •Ill' ' ! I ·• ! , .. .... ' I I' • ' l l l ' "" ' "ii 1" , • • • •• , .. .. , .. . " i ' .. . , .... . ... / .. . ..... .. .. .. 
. () ~d·:::::~ f':;}- : i7~7:1~~ S-: :·1 ~~~~~-.:.~ ;· ; :.; :t-: 1~~-~t-hf-7;: ~-~~-~~i+~~~%1' I :; ~-~-~~ ;~~ ! ~~ -. ~f-; ' :::; ~~~~~+~ I ~+a-t~+. -~~ ~r+-:~~-~~:; :~-~ f·:-~+:·~-:~ ::I: 1: h-: ~::: ;-7::: ~~~~~-:- ... ~-~~ ~.;' 0 
.... .. 'l "... . I ' 1.. I .. ' .. . ' .. I . I ; ; :I ;r. l ': : • ! . ! . I . I tl j :]I I' !. ' ! • ' .:.' 'I: I I ' ' . I ' . .. ' I ' : I .. I . ' I ' ...... ' I rl · ' I " .. . : I . '"' . .. , .. . -:TIT.. ' .. ·I · . . I :.. . . • . . '. • 
: . : ; ,,, ... . :..., ; : ' . ;;; •.. : . •::~ .... : ~ : :: ~ •• - ; 4!.' ... l : "~ · • d i ,J .. L !f do •· • : 1. ' ! , ! , I J• I f ,: • ' ; : IIi: · :~ • ' ,' ~ : 1:1 ,: ; , ; ' ;; 1 1 l; ~ : ,; t : .: "' ' ! i ' ;:: ; ; ;:;, :: •: · : · :!;::::::• : !: . : • 
. . , . . I .. . t ' . ' " / r .. .... , ~ .. ... .. f · l·. :;~ ··. ;t:r l .t · :· : l·rt· ~~- ~ ;4•d: -~·· ·!+~·-+ 'lr·r : ·~ ··· H~ · ·: • ,-· -• I ! I . .... t l ... . !····j l· · q·· ···J .... , .. ... ,1 .... - ~ .... , •• - ""t""l" - ~-- -- ~-·-· -.... 1 :, ... : :. ' l: t· . :!, I :: : :: . : ::• · f•· : · 1 : J•ol .. · 1•{ •·i J ,•~· 1· , , . , .. J. ' : :! 1. ol 1 . ~ : ,1 1' 1• ~ t \ : 1 ::: : :r:l;;, .. 1: ,~:·]: ~ t ; : : : . : : ; .. : : . ;·;I:~:: : ;:· " : :: ·:,; .. . . · · ~ : · • . . . 1 . . 1 . • . .. . . . . ...... . 11 •.. •.• : · ·: • 1· 1; t l ' . . ' : =· 1: : 11· -~· · , . • . •· . ,, -, • · · · ;, ··· •·· r·· ·· ... ,, . . ,, ... , .. .. , .. ,. I • ... ····· · · ·· ··I ··· · · ··• .. . , · ·· ·1 ~-:-:-:-~~:-:-~ : :-r· , ... t :";:t·- ·+-r::-:-::-:-: - · !~-:-: :'7" ::1 . :1• ~. 1 ~~t;-:~·=lr-:~-::--~i ~\.: .i .. ~-~~n>:-fJ-. · ; · -H-:~ ~~ ~~ ~~-~ .-:--~~!·:_-:~ : h :-:-~-:-:. =-~ . :: :-~.!-:-:- -:-:-~-H-..:: :7-:7~~~-=~--:i:: .. _ o . .. · 1· , . I .. •· J 1 ... 1 .. . . . · 1: 1: · . : , ; . ;1 . ;; . ;.· t :·,• ! ; ; . 11-1 ; 1: ! ": ' [' .. ' I I o .. l .t • · :l l ;l• • 11 1' 1' ' , 11· l j ·• •·; · " I I"·· · • · ·'I . .. · . 1 .... · · .. .... .. .. , .. . .. . · · • . ~. : : ... : .:. ~ .... : ... • :.: : .. . . ; .. ~:· .·~·· :· ~ · 1 ;.. , . 1 ~ •.. · . ; . .•. 11:· . : . •. ,1 r: 1:::: : . 1; .! . • ~ , :· t 1 •• : ::·1 : :· ~:: · . · ·: . 1 .; !.;:; : . 1 : . ~ .. : : : : : i ; : ~ : · ::: : • : ::: ~:. : : : : : . :: t . . 
. .... , . . \ I . .. ! '! .. , . . . 1 .. . \ . .. ,- -~-: ... : ~:l! r:·:~~ ~-::+ : .- · ,•:-"..J, : r r r·· · l· : : ··l ·~ · - !··· · -~ · ··· ·l .. l .i~ .. . l .... l t""·l··---·--···---- t·-.. ... . .... l._ .. . j ..... t ••• • ·- -l·-·f·· ··· ··-·1····•-- --· 
. . . ... , ... , . .. I . ...... I ' I ' ' . '·/' " ' .. ,' I ''"! I'' ., .. '.'"I ... . ... ........ . .. I ' 'I ... . ....... .. .. , .. .. . , .... ... . .. I 
Q I .. .. . I . . • . . .. . : . " . : ; .. . . .. ' . 'I : :. : . : I ; ' " I I · : ol : . : ·, i : ! ' ; • I i . " . I I " ' . ' , , . I ' I I ' I ' ' I I • "1' ... ' .. . " ' . , ... ' I .... l j .. . " .. . .. . ' I .. .. . .. . .. .. . . .. . I .. • • .. .. ' ; .. :~• .:...:~~~:.. . ~· . ...t.:.. .. -: ::_ > .. .:..: ..!..;..:...:......J-. ..:-:..!..!..::.~~~:_! . .- ~ ' • •. . ·~.!. . : ; :u~·. -:.:~ ;.;.:_! , . : , : .. I!J.L~ ~ ~~i .L:.i.•-4..;.,_:_.u~J~.j:.L.: .. ~~!~~~~;. : : . : ·: :,·:! : ~' : t 2~;.: ~l-:.: .. .:.~2:..: :_ 
. ..) I " "I· . , .. .. I l ; :: ! .i ·. · ·i : :. . 't· . 'I ' . : I' '1'1 . , .r::TT •"it' ,, H· ., . I' f .... 1 .. ,., ... .. .. I . .. " • I . -·!· ' ' 11'1 ' '1'1 ' . ..... ' I' ' ·~-~-~· ··· . . .. , ..... ·•· ..•... . . . 0 
::.: ~ ..: ~.:t. : ;~~ :::: : :· : !~·_. : : ·· : :: . :· .: ;r ,: ; .:i:!!!i: : : ~ i;:~· : ir; :l!:, !l! . :ili!~i::·;tti !i:t !iit ~ l ~· ! : ! ~~· : : . ::!; : ; ! ! ;:;~ · ;:::~::; : t : ;;:t::::l::;: :: ::r :;:: ::; ~ ; :;: : :::::t: . ·: · 
r.
' .. . l . ; '1::-- ... t ~·-- : :•; . : ·1 : :· - : ::: -, :-··~ · ~ -.. ,···-r· ·---1··--- l., .... j···J .. __ __ I . • , .-... -.!.~J .• _, .... I - -- ~ ·---- ·-··j ·---.. - .!. .... ' ~~.: .. . _ .. __ _ , ...... . ~ . .... 1 ... ~ . .. . ..... ----~-- · t 
. • • • • ' • ' I "' ' • I . : . ' ••• • • •11 . I ' '' I • • • I . ' I'. . ~- I • . I ' . . I I i. I • • • ' I. 1 • I ., •• I. , ... ' .. 'I . .. . I .. t . I . • • • • • 'I. • • t • • ' I .. ' I ' . :.t ... ... .. ! • . ••.• • 
. . . . . . : :; : . t ; . : . : . !j : : : I : : : J ' : : . ! ' : : : I : : : : I . ; . : t: ! : : j : . ' • I : : l . : t i : ; : t :·: ~ ! I I i I : : I : • i : I i : t i f ! i 1 : I : I : : I ' ! ; : : i ; I : ! I • ! t ! • : ; . : : . : : ; i : i : . i ; • : I : : • I : : . J : : : : • : • : :I : : ' I I •• : . ; ; : : ' • : : • : : ~ ' '1 ·: ~:-;- ,7 'i ; --.-.-. - , r ~ ~ .. ·-;- r -:-:~·i :-:-:~I --:-~~ .... , -=----:-~-:-t: I I j :. ~ ++~~r-: J.:-!. .. ~: ~~· .-~t!.+:. _.;:~--r~·!-f..:-: ~~~ r+~ :~·~n~~ ~~_J.~~ ~-~.!.--' ~i~~ :.:-r;.~r~ .. ~~7+-:--- : :~!.:.:-:4~:-~;. :.~· -= · 7----; 
.. . I' . . ·:: , . 'I . . ' I· .. . ... . . .. 1 .. , 1 ' " .. . ,.tTTTfT .. i-o~ .... . .t . l . ,. , . 1: 11· 1, 1· - · •-•' l " ' l t· ' l' ' ' " r ... . , ..... .~ .. . . , .. .. ....... . . ··l .... . f · .. 1 ... 1. . . / ..... .. Q. 
• •• : : : . ... ; ' .:: :: •• • 
1 
. : · ; ··~ ::: :;• • :· ; , : •• • • ::i li. ; !: · ·: : . :: •; ~: : 1 : ~ : : 1 :: : . l ' i: 1~ · 1 : 1 •: ; ;;;!~! · ~ : : 1 ' ;;, ::t ; . :~ ; ' :• ; , 1 '.~ ::: . 1 t; :· ;: : 1: . , · ,.: : t:. • 1 ' · • • ', . : ~;!, ;;: : .· : : . :; 
I 
. ,1 • t . . , -(·] .. . ... 1 .. .. ! .... ! ......... . .... ,. l ; · ·--· .. l- .. tl •. _. 1 . .. . 1. .. , .... L.. ~. 1 .•.. 1 .• Lj .... 1 •. .. 1 .• ~, 1 ·- ·· . .1 .. J .. j·· · ·f · .. · · . . . ... H .......... 1 ... . ,1 .. . !- --- .. .. ....... .. 1 • ; · : ,.t ··. :: : ,'l: ','l ·, • ; ·~ ,: ;;,·,:·1 , , : ,' ,l: .,. · ;:l'j : .l jt : :·l : l i ;j' ;' •; i~~ ~ ·,:': : l ;;;;:•; . ,·: •,J : ; ,Ii j';l l ', l j;.;J ~~~ : : : :t 1 1 : 1 :·1 t:d~ ! : ; ' !f";: , • ; ·:, ! ;, ,; ~ ,r : 1 ; · ": ; ·: . !;! "t' , • 0 1 .. . . ,, . \ ' ·; . . .... ·: .. :: . :1 ::. ::" :•:· · ; · ·: " 1' ' •;, 1 1' ' . '1'' oj .. . . ·' '1 " I ll '" ''' ' ' I " 1 .. '/ ' ! ti '' l ' i ' 'l ~ '" " l ' " " "I'd' ' "•!" J . ... , "'I .. .. . 1 • -:-:--: ... ~·~;;--~· ·:--:-:-- · ,- -~~::-:· 7-- .. -. ~.-m· .. ~-:;~~~ .1 ~~~.:~~~~~~+', : · : : . lo ' 1-:-~ 7 -~·++: ·'~ ;~ . :~ r:-~~·~~~:1~7~: . ~~~:·: ::~!-~-~~~:~ .. : .. 1. -. 1: .· , • " ; · J" L o' : · , ' : !: ;• ; ;; · 11,, _1: ' •j '' ·;;I " ' I ' l f . . , ,; ):;; jf •f ' !., . 1111 '11 '1 ':1' • , , , , , ,. ''' I ,.,,1 ,. .. 1' 1" • · '/ " " "" '" " " ' " " "" , .. .. , ' " ' .. I . . : .;:: .. . : :: ! ..... ~ : .. . . . ~ i: ::; .. r: . ~:r . · : . . ::~ : .. . : • :- t ! 1 : ~· :: 1: !!.~ .1:~ : ,1 li : ;::, 1'!· ::'. 1 : ;· ! ~: : : : . :· : : : : : · : ·.·:.: ··: . ~ .:. '!",;· : . : :· :: . : · . 
I •• · - ••. : · \ : :-- l, · t : · :~~ · : t;:- ·;· .. ···--·- · ··1''"""' '1 "1'1 ~·1·t - ~·- ·~ ... L .. .• , .. ,, ....... Jl- ....  , . .,., .. __ . .;.1 .... ] ... -L. ~ -· · !""'' '" ~· ·· '·· ·· ·~ - -, --.- ! ..... '"l '". "' I .... . _ .• • f + • ' • 1 • • • • • • ' • • • 1 • • • • • • { • • I j 1 , • • ~ 1 1 • • • I • 1 1 1 • 1 • • • • I I • 1 I 1 • • 1 1 , • 1 , • 1 f , I 1 ' • • , 1 , , , , , 1 1 1 • • • , , , ) ' , • , , , , , , , • o • 1 , , , , , • , • • • , , , • • , 
. .. i . .. .. :. : · . : ~ ; •. : : : :· . · : "t " . 1 ..... , ... , ... , .,,, . .. . ~ ... .. . , .. ,.~ , ... ' I'' . ~1 ' ' • · ••. · ~ . . ~ r t•·• , . · ··t . , ' . . . · •·• ·•·· ••·t ... . ' . ... ·· · ! 
! ·.:~-r~·~~ :--~· · ··~" ~ .--~ :, . t ~~: :~~ -~r~~.: .::.:.:.~~~~i~~~~..:.;H~7~H1~~ ~ ---i ·~ ·!++~~-:-~-~~t- ~ ~: : t ; ~ it ~~~ · ;+;..~~.~~ ~::: ~fl.p;~ ~::: ~p..:~.7 ~~:< :: ~ :::: ~~~'> :: ~.:~.:-r~;~~~;..~.q.~:;;-:.:~~~~~~ I l . . ' . . ' . l ., .. .. , I . ! . . ... ,, . .. '' I' " ! ' ' . ····· ·' !··· ···· · ·IITTI·' · -I· ·TI· · iTiTli .. .. .. 1 ... , .. .~., , . , , . ,f ..... , .. .. [ . ... . ' "" I ' 1"''1' .. , .. , f.. • 
. : : · . · j :• ;" , , ' · .~ : 1: · · ~. ~· :i : :: . :t .. : ::: : . , : ! .: ! I t • : ! ! : :it :! . ~ · : ; ' ! ' : I ;:, : :.~:·: :: l :' l i ! :l l i !' i : : . , ; : : . :i: Ji :. 1 1:: . l i! : ;· :. ·:.·: : ! ; : : . : · : ::: · .· ;. · : · :·: : : ; : : .. .. ~ ...... i ----· __ . _ .. .. . t .. , ... . ,
1 
.... . , .. . .. I.. .. . 1
1
,.. ~,- . •. 1 ..... 1 ... ... ·1 ·-m· ·-· ., .. ~-~ .. ~-~ 11 . • 1.1 .... ·'n---·· 1_. , . . , ·~d - ·-· L_~ •11 ... __ ....... .. .. L ... _ ... L .. . ·, .. ... -~ - ... 1 .. --l-... .. ......... ..... ···· I : " ;· 'J .·. ::.::: · ·;· .. · .... ·;; . - ·:r ·: :: :: : : : ~ :r . : l : t : · t 1! ::: 1·:: h:·:: :' ' : • !; ; :t : · : ·1: 1 l jJI :::'L ; · 1· j · ! t ' j'!!, ·:Jlll.LI; l• ' il: :: , l ' l :' :• : :!: • ::::/ .. : : ::1 : :: · .:.·: . : :• : :: . : :: ro. J· ·, .. : ':/' . l '; ... ' . : · ;:!'. ;" · ; .... 1.,, . • · ' , , 1, . .. , .. .. , ,1 :/·J, . ll l l' . ,I ' ' . ,, , I .. , jl " l i ••t '"' I ·· ' ·r.+.-8' ! o , ... , .. .. , .. " ... . ] .. .. ! .. . ,. " I"' "" . 
.L .. --~ .. -- :- .- ~ -:-~ : - -'"-·~ ~--:-' .-:·~~--;-!-~7:--:· ~:7:~:~8:.: t !-;-:-: ': : , : -: : .*- ~:-t:~ i1~~!--:-l-:~-~- ·. ~~ - ~ ; =~ ;.:...:-;-, .. ~rr.+-;- +~ : , :. :. · ::· I · ' ~ -~:-:.~~~ -.. •1·7--=~.:_ ; ... . · ~+:...;..;. ~~:.; r~r:~;-.; ·:] I . t' . · •· •• • ; I \ ./ : !:, ... ,. ":· : -1 ·.-1 ·. l· r·• J.- .:r::r::, . , l / ' " . , ., 1 .. . I ' -l oi· 'l •l •' lli•" • ii •' · · · •' · l · f · ·1 ., ,1 1, 11' .,, . , ,1 .. ' .. , ... " '1"" 1 ,.,., . t .. ...... ...... I 
. . .. ·: ... .. ' ' : I : .· :.· :,: . ::: :, .. · : ::: · J.; ;· : 1. : 4,.:; :: : l ' i .; : ' 1:. I!; ! : ' 11 ! I : J · : ~ I 111 1 4, ! :": : . : 1! : :: · : lj ; ~ . : : : : i . ::: · : :: :L .:· : : : · : :: . t·:: . :: : . 1.-- : .. _,. .... ,.:: ;[ ... ).( .. . , ~ ..... ... l·· ·l""l ·t ··· · .1, .... .... , '""1''1', ... , .. .. ! ..... r . .. r.l· -·: • t--·1 ·, .. . 1 •• ~. •·,r ~ -- ·1·--'''·' "l". t J- ·" .... , ..... ... ,""·I·· ...... , ... ...... , ........ . f • •. - I . , . . . : · ·. , ",I ; , : ... : .: .·, : : ~·: ; : ~ :~: ·, ~ : ; : ; t ! • ; ; , · : . ~ : ~t l' l i : l :'. i l • ! . ; l t: : . l:. : l tl::lt :': ::~ ~ ~~: ; ::LI I : . " • I • , !: : :;: 1: 011 .. . :· · :.: · : : •.. : .:;.: ·::.: : : 
3 I : : . . I : . ; : : . . . . . ' .. , .. .. .. ' .. . I . +fu" . ' . I . . I ... I ~ .. I . " .. ' .. . L' I'' . I . ' ' . I . ' ' . . . I . ' I ' ' • ' • I • I I *I  . .. I . " Hf' . . .. I . I • .. I . I . I • ' . '" " .. • .. " • .. • ' • t .. .. • 1 .- • ; -:- • - - " •-~---: :-:-:-; -~: ~~ ..:~1~•- :..:.~ •~ ~~ ~: :., : o :: :_ : :...!.7r-;..:- ~ ;- ~~~~.!. r.--: ~ I o ·+!~~;4-:l .:.~ ~-7~:+.: ~~~ ~~ •;-;: +: :~ ~ : ' • ~~ ~:~..!.:..; ~ = ·; ~t:~~r:~,.:. :.; -:--~·-7 :..;:-:-:+-:~:: ~_;,._ ";: · · :! : ". " :· " •' ' 1 ' ''I'' ' " I . ,I"'' " r .. 'I " ... '1' 1 " 1 1/ • , ' ' j ... rf .,, , .. l' .,. .f .. l' 11 1' .. .. j,t .. " ' "' 1 111 1 1·" ' 11 " " 1" ' I . ""I " ' I" .. . .. , .. .. l .. . :. · . .. . . . : : 1: · . : . . · ~ ·:: •~;.1 . · : : : . · 1·: !: :. :: ~ ; ; ,: .. ~~ : , 11: t: : : : : : : ,J', ~ r: : :: : ·:1! ::.1 : : ~ i J:: .1i .:: 1:: : : , : r : ::~ ,·;: , :· •· . . : :· · . ::: .. ::· : : · .:·.:.: . " :: · : 
I
.::· :- ... i' :-: ···: -- .l .......... , .......... j ... '] .... r ____ . "'Jl' .... .... .. I_ ,_,_1 ___ .. , •• --1 ·--- 'L ........... ~ - .,.--' , J ·r-·1 --- ·~··'· ·.--1----, r··-1----!.- .. L- ....... f .. . .... . 1----~ ··- t · .. . .... " I"- ..... , • • 1• . •• .. . • . • •• • • • , , • . • . i·.. . ,. . . .  ,  i . . .. r . . 1 • • •••• . • , , . I I . · I ' . .• • , •• • •• I . 1, 1 • • ••• • , • • • • , • • I. , • • • •• , • H .  r . .• • I • , •••• .. ••.• . •• .• ••• • • . . .• • •.• . I I .... ... .. .. . I , .. .. , .. .. .. , ....... . . .. "'±+8' .. ,. , .. ... .. .. .. .. , ... ' II • . , .• . . I '' . ''1''"'1 ' ·~· .. . . I ' I .. . . ,.. . .. .. .. , .. . ..... .. .... I . . . .... .. .. . . .. . . ....... . ' . ' .. ' I ... ' . . I' :-rl .. . , ..... . . ' . ' ... ... ,,, ' '' I H. .. .. . . ' 'I ' . . . ' .. ' ~~~·' ' I' I . . " .• ,, ... "I .. .. . " I " .. . .. . .. . • . .. .. .. . . .. l 4 
.• . .• . .••. • •. ••• ' .• •..• ·;..:,;· ...••. , .. • .• .• , ..•• .• • ••.• • . •• . , , .. . . . .... ,.' ... '·· ' '' '''L.:''' l...,;' '" '' '' . ..... . . ... . . . . ~- ··1 . . . . , 
'""•-:7 ;- ·-••r -~ :";""'7":" ---:--7~-~-t-.-,-~~'"" o :"7"' o + o ~-:-t-- • ~~7~ o o o t "i~; -:---:----~·~:-:- 1 7r:-:-·•-.,-,-jt·:-i !-;-....;..: ·~·7r.i tr" 1 t o It o I o • ; 't" i' -;-:-, ,7~ • • o ~ ,-;-:-;--- ...-1·77:·:,- .- .-, ,-; """:""""'7-:--•. 0 ' 7::-• ,_.,.._.-;: :--:-
" • I . ' 1 · .. .. , ... , ... r· .... , ..... l • . , j •. ,1. -·1·· · · .. ' ' t'' .... . .. ... ! • • , .. . • , .... , . • 11, . .. . . .. , , , ,,,. • . , .... , . ... .. , .• . , .. .. .. . J .. . , .... , .. . . I • • 
· . ·: . · · · · i -: . · .· ~ ·. : ... : ·.: .. . · · ! : : : :l: : ' · ! : : i . l ! : ;: ~ : ': ·~: : . ·::r . :; , · : t. ·,· , : : • :· :; ! i. · ~ t::: i : : : : .~ :~ ··: :'• : ::· : :: : ~ : · ·: . : .: . J ;:;: :·:· : . . . .• : ~ . : i, ': :: :1: : .:· . ·, : · · · 
f : .. , • . • . .. ... :. I::-- -- . ..... [ .. .. I .. . .. . . - 'T"' ... , ---- ,... .. _ .. l.--r-·t I" ----~t-·-J .~ -- .,.._. L~·--- . . ... - ' .. - --- .. , ... , !. - -l.t ..... t ~--' 1 I ,. •··- ., . ...... , .......... 'J .. ... ,. · -- L ... '. -· . t· . -·. --, -... -·· 
• • • • •• : • • : · ~: . :.: · · • •• 1 : : ! ; ~:: . : ; . . ··· ,_ ~ i ·!: 1·: ·1 :..1 .. : .~::I"Li·: . :::,jl: ~ ; i : !:: : ::: ': .. ,: 1 : · . : 1:~ :~ :~.: ~ i ~~ ; :: :: ~ ~:: ,· : : :1 .!:: ::;: ·.: :; 1 · .:: , : ·· : 1·:~ f;:::• . : " : ;. :· :· . .. : · j - I : : .. : ' . • . . . • • . • . . I .. ' . I • • • I . . . ! . . . • . . . • . I ' • ' • ' • •• 1 ' .. ' I I • • I . .. I l ' . I . . . ... . I ... I • ' I ' . 1 , .• [ L • " . ' " I I· . ' . \ . I. I • I· : .. ' . .. . .. ' .. . I .. !' . ' . .. I . . 1 r: ~ ..:..;,.:.....;_ 1 • • _. • t • • • • • · · · ~~~.- .L ' '•••I • ! • ••• • • • : • • .... • • .. 'I , 1 ,;-~ ' , , , , ' ,. ' , . • • I.J ' ' ' •• • l• •l o l • i • , • • '· i• .. • l -• • •I • • ••• • , • · t • •• • • t• • ' 1 ' 
•'- 200 250 300 ~:,. 350 390. ·? 
WAVELENGTH (tt.ILLIMlCRONS) ; '.l": .• 
Fi ~'1.1!' c 16. Ultraviolet spcctrwn (ethanol) of 1,4,4a,8a-tetrahydrobiphenylene~ XVI 
sistent with the proposed structure. Filled in triplet at ¢ 2.35~ 
4 H, ally lie :rrethy lene protons ; filled in triplet at ( 3. 6 5, 2 H, 
benzylic methinyl protons; filled in triplet at 6 5.60, 2 H; vinyl 
hydrogens and multiplet at 0 6.95, 4 H, aromatic protons. 
. 
'lhe ir spectrum, Figure 15·, has absorptions at 3.3, 3.4, 3.5, 
6.9, 13.5 (o-disubstituted benzene), and 14.8 (cis double bond). 
The uv spectrum, Figure 16, contains the following maxima and 
calculated - values. 
\ Amax (ethanol) 
(nm) E 
214 5184 
261 1410 
266.5 2150 
273 2570 
Compound XVI exhibited a uv pattern typical of benzocyclobutene 
which is a series of three peaks at 258- 259, 264-266 and 270-272 
nm \'lith logE 3.0 to 3.3. • 
The presence of the single double bond in rvr was also proven 
by preparation of the dibromide. 
' 
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Figure 19. Ultraviolet spect;:rum of ·4, 5-benzobicyclo...:[4. 2. b]-octa-2 ,4-diene. ':x"VII. 
(59 ) 
All of t hese data indicate that the structure of XVI is t he one 
gl.ven. ·y ' 
ASSIGNMENT OF STRUCTURE OF 4, 5-BENZOBICYCID-[ 4. 2 . 0 ]-OCTA- 2, 4- DIENE, XVII. 
Analysis and nmr data of Figure 17 , indicate that the simpl est 
. 
formula is c12H12 . Comparison of the rnnr spectrum of II with the 
published (1) spectrum shows i dentical splitting patterns and only 
s ligpt differences in ~ values . The differences are probably due 
to a different, but unknown, solvent that may have been used by Br aun 
(74). 
The nmr absorptions are assigned as follows , '6 1. 8- 2 . 7 , mu1 tiplet, 
4 H, methylene protons; 6 2. 9-3.9, multiplet, 2 H, methinyl protons ; 
6 5. 75, double doublet., one H, vinyl hydrogen; 6 6. 30 , doublet, 
one H, v:LYJyl proton; and 6 6. 93 , multiplet , 4 H, aromatic hydrogGns . 
'llie uv spectrum, Figure 19 , contains the f ollowing maxima (ethanol). 
A max 
219.5 
226. 
248 .5 
271 
Molecular \'Ieight (mass spectrum) 156 . 
to have t he structure assigned. 
(66) 
€ 
22,265 
17,877 
7801 
6825 
These data indicate XVII 
The high extinction coefficients are indicative of a styrene 
and not benzocyclobutene structure. Braun (74) indicated an E. value 
of 8600 for 248 nm. 
The ir spectrum of XVII, Figure 18 exhibits the absorptions ex-
pected for an ortho-disubstituted benzene and is much more complicated 
in the fingerprint region than the ir spectrum of syrmnetrical XVI. 
"'.1 ,, .. 
l . . . 
.· (61) 
-· 
I • 
'I 
SUMMARY OF RESULTS 
j 
The Birch reduction of benzamide with sodium and absolute, 
95% ethanol, or tert-but.anol in liquid ammonia gave 1,4-dJ.hydro-
benzamide in varying amounts. The amide group was not reduced. 
The two most important variables ·encountered, other than the amount 
of sodium used, were the alcohol used and whether or not arrmonium 
chloride was added after the reduction was completed. Without the 
addition of ammonium chloride, little or no 1,4-dihydrobenzamide was 
present after work-up, while with its addition, some 1,4-dihydro-
benzamide formed with each proton source used. Higher yields were 
obtained using tert-butanol rather than ethanol. A blank experiment 
starting with 1,4-dihydrobenzamide, confirmed that without the ad-
dition. of ammonium chloride, the 1, 4-clihydrobenzamide dis proportionated 
to benzamide and a tetrahydrobenzamide. Ammonium chloride apparently 
prevents the disproportionation by neutralizing the strongly basic 
gJ.koxide Nhich v10uld otherwise be present and may also prevent air 
oxidation of 1,4-dihydrobenzamide to benzamide. 
As with benzamide, the amide group was not reduced by the Birch 
reduction of N-methylbenzamide as above and a dihydro-N-methylbenzamide 
formed when ammonium chloride was immediately added after the reduction. 
Without the addition of arTJITK)niurn chloride and also during attempts 
at rec~stallization, the dihydro-N~~ethylbenzamide disproportionated 
to N-methylbenzamide and 1,4 ,5,6-tetrahydro-N-methylbenzamide, which 
(62) 
was isolated and characterized for the first tine. 
N,N-Dimethylbenzamide was reduced to benzaldehyde by Birch 
reduction as above whether or not ammonium chloride was added after 
the reduction was completed. Low amounts of benzaldehyde were ob- • 
tained due to its further reduction or due to its condensation with 
&111TI0nia to form hydrobenzamide. 
This study confirmed the hypothesis that (19) without an acidic 
hydrogen in the fUnctional group of benz amide, the fUnctional group 
would be reduced. With an acidic hydrogen present in the functional 
group of benzamide, ring reduction occurred. 
The heating of hydrobenzamide in air produced mainly 2,4,5-
triphenylimidazole, along with small amounts of toluene, benzonitrile, 
and benzaldehyde. 
PrelL~ary investigations of the condensations of some aromatic 
aldehydes-with liquid ammonia indicated that anisaldehyde did not 
condense under the same conditions that transformed benzaldehyde into 
hydrobenzamide. ~Tolualdehyde and ~chlorobenzaldehyde gave unidentified 
liquids. o-Chlorobenzaldehyde and salicyaldehyde yielded uncharac-
terized solids. The condensation of aromatic aldehydes and liquid 
ammonia remains to be thoroughly investigated. 
The Birch reduction of benzyl alcohol gave predominately starting 
material with 2.5 equivalents of sodium, toluene with 3.5 equivalents, 
and 2,5-dihydrotoluene with 5.0 equivalents using absolute ethanol 
as the proton source. 
(63) 
Birch reduction of benzyldimethylarnine vlith 5. 0 equivalents 
of soditnn and absolute ethanol yielded the previously unreported 
2,5-dihydrobenzyldimethylamine. 
'Ihe Birch reduction of biphenylene with 3.0 equivalents of soditnn 
and absolute ethanol yielded the previously unreported 1,4 ,4a,8a-
tetrahydrobiphenylene, XVI? plus 4,5-benzobicyclo[4.2.l]octa-2,4-
diene, XVII, and unreacted biphenylene, IV, in a ratio of 4: 1: 11. ' l 
XVII probably forms by rearrangement of l,2,4a,8b-tetrahydrobiphenyl-
ene, XVIII, which was not isolated. Whether the rearrangerrent oc-
curred during reduction or during glc work-up, was not determined. 
With 6.0 ro 8.0 equivalents of sodium and absolute ethanol, 
a more complicated mixture resulted which contained minor amounts 
of XVII and XVIII plus unknown corrponents but no unreduced IV. 
The products of the reduction with 4 • 5 equivalents of sodium 
and absolute ethanol depended on the rate of addition of the absolute 
ethanol. With very fast addition, less than one minute, the only 
product was XVI. With slow addition, over 3 hours, XVI was a minor 
product, XVII was the major one and two additional major unidentified 
products were formed. 
Biphenyl was specifically looked for with glc and nmr techniques 
but none was detected fo~ any of the reductions of biphenylene. The 
dihydrobiphenylene intermediate from which XVI and XVII were produced 
has not been established. 
(64) 
All solvents were distilled before use. 
Baker's white label benzamide and Eastman's white l abel N- m=thyl-
benzamide and N,N-dimethylbenzamide were used in the reductions. 
The benzyldimethylamine was obtained from the Maumee Chemical Co . 
'Ihe anthranilic acid which was used for the synthesis of biphenylene, 
was Eastman's practical grade. ..  .. . 
'Ihe benzyl alcohol used was Baker's reagent grade. > • 
The stick sodium was cleaned of the oxide and hydroxide just 
before use . 
Unless otherwise stated, all liquid amnonia used was distilled 
from its cylinder into the reaction flask without further treatment. 
A.>1alyses were done by Bernhar\it r·tikroanalytisches Laboratoriurn, 
Elbach uber Engelskirchen, West Germany . 
Infrared spectra were obtained on a Perkin- Elmer l37B spectrophotaneter. 
Nmr spectra were obtained in various solvents on JEOL JNM-C-
60HL, JEO~rlli-100, and Varian A- 60 nmr spectrometers using tetra-
Irethylsilane as internal standard. 
Mass · spectra were obtQ.ined with a Hitachi Perkin-Elmer 
RNV-6E mass spectrometer, uv spectra were obtained on a Perkin-EJ..Iner 
202 ultraviolet spectrophotometer . , -
Glc analysis and separations were done using an Aerograph 
Model A- 90- P. 
EXPERIMENTAL 
Representative reductions of benzamide are as follows. Others 
are surmnarized in Chart I. 
THIRD REDUcriON OF BENZAI'.flDE (WITH 5. 0 EQUIVALENTS OF SODIUM AND 
E.TJiANOL) IN LIQuiD AI>fJf'JDNIA AT - 33° .- - --
In a three-necked, round-bottomed f l ask (2- liter) was condensed 
approx:i.matel y 800 ml of anhydrous liquid ammonia. Benzamide ( 0. 082 
roole) was dissolved in the amnonia at r eflux (-33°) before 9 . 2 g of 
sodium ( 0. 41 mole, 5. 0 equivalents) was added in small pieces over 
a period of ten minutes. Enough absolute ethanol ( 49 .o ml) was 
added to the mixture to discharge the blue color, indicating compl ete 
reduction. Amroonium chloride, 20 . 0 g , was added to the reaction flask 
with continuous stirring. Stirring was continued for an additi onal 
half hour, after which the ammonia \'las evaporated at ambient temp-
erature and pressure. 'Ihe solid material was taken up in two 250-ml 
porti ons of distilled ice \'later and then extracted with four 250-ml 
portions ·or distilled methylene chloride. 'Ihe methyl ene chloride 
W?S dried and then evaporated in vacuo leaving 9 • 3 g of solid material 
(m.p. 90-118°). The ir spectrum of this product does not match or 
resemble that of 1 ,4-dihyd.robenzamide (20) . After three recrystal-
lizations , a sample had m.p. 126-7° and an ir spectrum not signi-
ficantly different from the crude product and benzamide. 
FDURI'H REDUCI'ION OF BENZAIWE (WTI'H 5.0 EQUIVALENTS OF SODIUM AND 
ET'rl.ANOL) IN LIQUIDAI•iPVNIA AT -33°. - - --
'Ihe quantities of reagents and conditions were the same as those 
in the Third Reduction of benzarnide except that 38.0 ml of absolute 
ethanol was needed to discharge the blue color. After \vork-up, 1,4-
dihydrobenzarnide, 8 . 91 g, was obtained. Identification was made 
by comparison of the ir spectrum of the crude product with the ir 
spectrum of authentic 1,4-dihydrobenzamide obtained by Qazi (20). 
No further work was done on this product • 
SIXTH REDUCTION OF BENZAl\'IIDE (\ITTH 5 . 0 EQUIVALENTS OF SODIUM AND 
ETIIAI\JOL) AT - 33° IN LIQUID P.MrflONIA (IN SEARCH OF TOLDENE) . -
'Ihe quantities of reagents, work-up, were the same as in the 
preceeding reduction . However, ether, 200 ml, was added to the ammonia 
before the arrmonia was allowed to evaporate at ambient temperature 
and pressure through two ice traps . The traps contained only ether 
and ethanol and not toluene as evidenced by glc . The ether layer 
was decanted and was evaporated to give 3. 79 g of 1, 4-dihydrobenzarnide, 
identified by its ir spectrum. The low yield may be explained by the 
incomplete extraction of the crude product with the small amount of 
ether that ttras used. 
SEVENTH REDUCTION OF BENZAMIDE (WITH 2.5 EQUIVALENTS OF SODIUM AND 
Ellifu\JOL) IN SPECIAlLY ANHYDROUS fiMM)N"fA"AT - 33° . - --
'Ihe experimental set-up was the same as in the Sixth reducti on 
( 6~ 
of benzamide. The quantities of reagents were the same except that 
4.6 g (0.205 mole, 2.5 equivalents) of sodium was used. The 800 ml 
of ammonia used for solvent was obtained differently from the other 
a.rnrronia in the previous reduction. Gaseous arrmonia from th~ cylinder, 
was passed through soda lime (8 mesh) then through barium oxide (100 
mesh) into a 3000-ml round-bottomed flask. Sodium, 25 g, was placed in 
the 2000-rnl of amrronia and the solution refluxed for one hour. The 
dried ammonia was then redistilled into the reaction flask to which 
a calcium chloride filled drying tube was attached to prevent atrnos-
pheric moisture from entering the flask. The sodiurn-benzarnide-anm:mia 
mixture was stirred for 30 min, 25 rnl of ethanol was added in order 
to dispell the blue color of the mixture. The work-up of the crude 
product was the same as in the first reduction of benzamide. The 
crude product, m.p. 75-90°, 7.57 g appears from its nrnr spectrum 
to consist of starting rraterial and unidentified components that do 
not come from benzamide but may arise from impurities in the so+vents . 
The product was recrystallized from benzene, mp 120-122° . No further 
atterrpts were made to purify or characterize the components of the mixture. 
SIXTEENTH REDUCTION OF BENZAMIDE (WITH 3.42 EQUIVALENTS OF SODIUM AND 
t-Bur.ANOL) IN LIQUIDfu"VJri'K)NIA AT -336 • -- - - --
'!he experimental set-up and conditions were the same as in earlier 
reductions of benzarnide. The procedure of Kuehne and Lambert ( 19) 
(68) 
of adding the alkali metal last, was employed. t-Butanol, 200 ml, 
~ttas used as a proton source with 3.42 equivalents of sodium. No 
amnonium chloride· was added after the reaction was completed. The 
product, 8.5 g, was mostly benzamide with a little 1,4-dihydrobenzamide 
and a tetrahydrobenzarnide. M.p. of crude product, 82-93°. 
ThTENTJEI'H REDUCTION OF BENZAMIDE (WITH 3. 42 EQUIVALENTS OF SODIUM 
AATI t-BUTANOL) :n-J LIQUI:D AJ'![viONIA AT -33°. -
All the parameters were the sarre as in the Sixteenth reduction 
except that amrronium chloride, 30 g, was added after the reduction was 
completed. After work-up, 5. 09 g, l, 4-dihydrobenzamide, with a small 
amount of. benzamide, was obtained. M.p. of crude product, 137-143°, 
two times recrystallized from benzene, m.p. 152-153°, nmr spectrum, 
Figure 6. . . 
DE'rl'.P.MINATION OF THE IMPORTANCE OF AMMONIUM CHLORIDE FDR THE ISO-
LATION OF 1,4-i5llril5RoBE!'JZAI\1IDE AFTER THE REDUCTION OFJ3ENZAMIDEWITH 
SODIUl\1 AND EI'HANOL, NINE'.rY-FIVE PERCENT ETHANOL OR t-BUI'ANOL. 
The 1,4-dihydrobenzamide form the 'IVIentieth redu\..:~ion, 1. 77 g, 
was diss<?lved in 500 ml of anhydrous ammonia. Then, 0.12 g of sodium 
was added and the blue color disappeared. To this mixture was added 
50.0 ml of 95% ethanol and no ammonium chloride. After vmrk-up, 
0. 85 g of solid material was obtained. The nrnr spectrum of this 
material, Figure 7, indicates that disproportionation has occurred 
to form benzamide and a tetrahydrobenzamide. 
(69) 
FIRST REDUCTION OF N-MEI'HYI.BENZAMIDE \VITH SODIUM AND EI'HANOL AT THE 
i30YLING POTIIT OFLIQUID Al'Ylf'~'DNIA, -33°. - --
1- u. 
By use of the same experimental set-up that was employed in 
the reductions of benzamide (page 65) and N ,N-dimethjlbenzamide 
(page 71), 10.00 g of N-methylbenzamide (0.0740 mole) was dissol-
ved in approximately 800 ml of distilled anhydrous anmonia. Sodium, 
8.51 g (0.370 mole, 5.0 equivalents) was added in small pieces over 
a period of ten min. Absolute ethanol, 37.0 ml, was added over a 
period of thirty minutes until the blue color vlas discharged. Am-
monium chloride' 50 . 0 g' was then added. Before the anrnonia was 
allowed to evaporate at ambient temperature and pressure, 200 m1 of 
distilled ether was added to the reaction flask and then two ice traps 
were connected for the ammonia to evaporate through. This was done to 
collect any toluene that may have been produced in the reduction. 
After evaporation' of the ammonia, the liquid in the trap was collected, 
being approximately 5. 0 ml. Glc indicated that there was no toluene 
in the trap. The solid material in the reaction flask was dissolved 
in 300 m1 of cold water and extracted with four 200 m1 portions of dis-
tilled ether. The extracts vrere dried over anhydrous magnesium sulfate, 
filtered, and the ether evaporated by a hot water bath to yield 9.23 g -
of viscous, brmm liquid. The nmr spectrum of this crude product 
indicated that the material consisted of a small amount of the starting 
material and probably l, 4, 5, 6-tetrahyd.ro-N-methylbenzamide as the two 
major component and a dihydro-N-methylbenzamide as a minor component. 
. . ' . ., 
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'Ibis crude material was vacuum distilled (15 mn vapor 135°, bath 200°) • 
'1\tro fractions contained the same components as the crude product, 
as evidenced by their nrnr spectra. The residue from the distillation, 
according to its nmr spectrum, contained starting material and ring 
reduced polymeric material, as evidenced by its nonvolatility and by 
broad absorption in the vinyl region of its nmr spectrum. The largest 
fraction of the distillate, 6.38 g, was vacuum distilled under the 
following conditions. 
Fraction number Distillate Temperature Pressure 
g vapor bath rrm. 
oc 
I 0.35 127 154 4.0 
II 1. 72 127 154-156 4.0 
III 1.73 130 156-164 4.0 
The nmr spectrum of the third fraction appeared to be that of 
1,4,5,6-tetrahydro-N-methyJbenzamide VII, with less than 5% of starting 
material. 'lhe other two samples were similar to the third as shown 
by the nmr spectrum. These samples v1ere car.bined with those of the 
Second reduction (see below) and were separated into components by 
glc (see page 29 for the chromatogram) to yield only enough 1,4,5,6-
· ' tetrahydro-N-methylbenzamide for characterization. Glc conditions 
for VII: colunm 10 ft, 1/4 inch i.d., 10% carbrnqax on Firebrick, 
80-100 ~resh treated with HMDS, helium flow 90 ml/min, Column 165°, 
injector 205°, detector 235°. 
Anal. Calc. for c8~3HO: C, 69.06; H, 9-35; N, 10.07; O, 11.51. 
FOQDd: C, 69.07; H, 9.51; N, 10.07; 0, 11.66. 
Then~ spectrum of 1,4,5,6-tetrahydro-N-methyJbenzamide, 
Figure 9, 1>1as assigned a.s follows : 
Corrplex multiplet, b 2.0; 7 hydrogens, methylene and methinyl hy- . 
drogens of the ring; doublet, \dth underlining broad absorption, 
b 2.90, 4 hydrogens, ~~Ethyl and imine hydrogens, complex multiplet, 
r 
0 5. 8 3, 2 hydrogens, vinyl hydrogens. 
i . . 
SECOND REDUCTION OF N-MEIT'HYLBENZAMIDE (vJI'l'H 2..:..Q_ EQUIVALENTS OF SODIDM) 
AT THE BOILING POINT OF LIQUID AI.Jii\-'DNIA, -33° . 
'Ihe quanti ties of reagents, exp~rimental set-up, conditions 
were the same as in the First Reduction except that methylene chloride 
(rather than ether) was added before evaporation of the amnonia and 
vms also used for extraction. After evaporation of most of the methylene 
chloride, 10. 89 g of material was obtained. 'Ihe nmr spectrum of this 
crude product was identical to that of the First reduction except for 
the absorptions due to the different solvents used. No work other 
than the corrbination of this product with the product from the First 
Reduction of N-methylbenzarnide was done. No toluene was found in the 
traps. 
'IHIRD REDUCTION OF N- METHYLBENZAMIDE (WITH 2. 2 EQUIVAlENTS OF SODIUM) 
AT THE BOJLING PllNT OF LIQUID Jll.'ll'JIONIA, - 33o:- -
-- - --
'Ihe experimental set-up, work-up and conditions were the same 
as in the First Reduction. N-Methylbenzamide, 10.00 g, 
.. 
J 
... . 
. 
.. 
(0.0740 mole) was dissolved in approximately 800 ml of anhydrous 
liquid arrnnonia after which 3. 75 g (0.163 mole, 2.2 equivalents) of 
sodium was added. 'lhe color changed from blue to yellow to pink 
without adding any ethanol. The mixture did not change from pink 
af'ter addition of 50.0 ml of absolute ethanol. The addition of 
50. 0 g of anmonium chloride caused the reaction mixture to become 
colorless. After work-up, 7.10 g of solid material, m.p. 69-70°, 
2 times recrystallized from ethanol, m.p. 72-74° was obtained. The 
nmr spectrum of this material was identical to that of the starting 
material. 
, . 
FOURrH REDUCTioi~ OF N-METHYLBENZAMIDE (WITH 3. 5 EQUIVAlENTS OF SODIUM) 
AT TtiE IDILING POINT OF LIQUID AMMONIA -33° .- -
The experinental set-up was different from the preceeding three 
reductions in that no ice traps were utilized. The conditions and 
vmrk-up were the same as in the others. N-Methy lbenzamide, 10 • 00 g 
(0.074 mole) and 5.96 g (0.2590 mole, 3.5 equivalents) of sodium · 
were used in this reduction. Absolute ethanol, 27.0 ml, was added 
over a period of 15 min in order to discharge the blue color. (The 
mixture changed from blue to orange) . No amnonium chloride was added 
to the mixture af'ter the reduction was complete. After evaporation 
of the arrm:mia at ambient temperature and pressure, the product was 
dissolved in 200 inl of cold water and extracted with four 100 ml 
portions of ether, extracts corrbined; dried, filtered, and ether 
evaporated using a water bath, yielding 6. 85 g of viscous, brown 
liquid. The nmr spectrum of this product showed that the product 
consisted of a substantial amount of 
starting material and some reduced ring product which did not corres-
pond to VII but to sorre other component. The product v1as vacuum · · 
distilled (15.0 mm> 170-172° for vapor) to yield 2.18 g of liquid and 
3. 55 g of solid residue. Both the residue and the liquid appeared to 
be mixtures of the starting material and reduced ring components. 1 
No further work was done on this crude material. 
r • 
FIFTH REDUCTION OF N- ME'IHYLBENZAMIDE (Willi l~. 0 EQUIVALENTS OF SODIDM) 
AND ETHANOL IN LIQUID Al"'il'·ONIA AT - 33°.---- -
The parameters rTere the same as in the Fourth Reduction of N-
methylbenzamide except that 6. 91 g of sodium ( 4. 0 equivalents , 0. 296 
mol e) and 40.0 ml of eth~ol were used. After work-up, the product, 
6.05 .g, a brown liquid, was vacuum distilled. The nmr spectrum showed 
s tarting material and reduced ring components . Vacuum distillation 
(15.0 mm> bath temp. 210°, vapor 170-171°) afforded partial separation 
but the distillate was still a mixture of starting material and reduced 
ring compound. The portion of the product that was not vacuum distil-
lable under the above conditions appeared to be polymeric material 
from its nmr spectrum. No further attempt was made to separate the 
components of the distillate. 
SIXT'rl REDUCTION OF N-ti!ETHYLBEI'.JZAMIDE (\iiTH 6.0 EQUIVALENTS OF SODIDM 
AND ETHANOL IN A!WDNIA AT - 33°. -- -- -
The parameters of the experirrent were the same as in the F9urth 
Reduction except that 6.0 equivalents (0.334 mole, 7.68 g) of sodium 
and 19.0 ml of ethanol were used. '!he product, 8. 25 g, appeared from 
its nmr spectrum, to be unreacted starting material and components 
vvith reduced aromatic rings. Vacuum distillation (14.0 mm; vapor 
165°, bath 200°) afforded only a partial separation as evidenced by 
the nmr spectrum. fue distilled product appeared to be starting 
material and rrethylene-hydrogen containing components. No further 
attempt was made to separate the COII'ponents of the mixture. 
SEVENTH REDUCTION OF N-MEI'HYLBENZAMIDE (\VITH 6. 0 EQUIVALENTS OF SODIUM 
Al'ID ETB..ANOL IN AMMJNIA) AT -33°. 
'!he results of this experiment and parameters were the same 
as in the reduction FoUr. except that vacuum distillation was done 
at 9. 0 mm, vapor 156-160°, bath 210°. No further attempt was made 
to separate the components of the mixture. 
EIGHlli REDUCTION OF N-r~ENZAMIDE (\VITH 8. 0 EQUIVALENTS OF SODIUr-1 
AND ETHANOL IN AI~NIA) AT -33°. -- -- -
.Everything was the same as in the Fourth Reduction of N-Methyl-
benzamide except that 8.0 equivalents (13.82 g, 0.601 mole) of sodium 
and 100.0 ml of ethanol were used. · '!he product, 7. 60 g, was a mix-
ture of starting material and unidentified components according 
to an examination of its nmr spectrum.- Vacuum distillation (bath 
215°, vap<?r 158-160°, 15.0 mm) ~eparated the mixture partially. 
Redistillation (bath 210°, vapor 160-161°, 15.0 mm) did not separate 
(75) 
the start:ing material from the reduced ring components as evidenced 
by t he nrnr of the distillate . The undistillable residue , under the 
above conditions, appeared to consist of starting material and un-
identified corrponents, sc:tre of which rray be polyiiEric . No further 
attempt was made to identify the cOl'Jl)onents of the mixture . I. 
NINI'H REDUCI'ION OF N-METHYIBENZAMIDE (\'ll'IH 8. 0 EQUIVAIEN""TS OF SODIUM) 
IN Al'•1fv!1\liA AT - 33° . -- - - -
The paranEters were the same as above but the product was lost 
througp fiaring up of the reaction mixture out of the reaction flask . 
r1ldway through the reaction, due to unknown causes , most of the reaction 
mixture bubbled out of the reaction flask . 
'IENTH REDUCTION OF N- ME'IHYIBENZAMIDE ( l1ITH 8.0 EQUIVAlENTS OF SODIUM 
AND EIHANOL)IN ~'IONIA AT ...:.33° . (Wilds and Nelson' s (42) procedure . ) 
'Ihe parameters were the same as in the Eighth Reduction of 
N-~thylbenzamide. The product, 7.67 g , consisted of starting material, 
unknown conponents, and 1,4,5,6-tetrahydro-N-IIEthylbenzamide, as 
eviden ced by the nmr spectrum. Vacuum distillation afforded only partial 
separation. No further attenpts were made t o s eparate the corrponents 
of this mixture . 
EIEVEI\1TH REDUCTION OF N- METHYIBENZAMIDE (\.JI'lli 3. 42 EQUIVAIENI'S ·oF 
SODIUI-1) MTD NINETY-FivE PERCE.~T EI"rlANOL ·rifAMrfiUA AT -33° . (Kuehne and 
1Jaiilbeit rs-(19) procedure . ) : - - - - · 
The experiiiEntal set- up , work- up, and temperature were the sanE 
as in the Tenth Reduction of N-rrethylbenzamide. 'Ihe quantities of 
reagents were different. N-M9thylbenzarnide, 5.00 g (0.037 mole), 
65 ml of 95% ethanol and 500 ml of distilled liquid anmonia were 
stirreq ·.· ~ at -33° for the dissolution of the N-rethylbenzamide. 
To this mixture, 2. 91 g of sodium ( 3. 42 equivalents) was added, ac-
cording to the procedure of Kuehne and Larrbert (19). · No ammonium 
chloride was added after the disappearance of the blue color. After 
work-up, 3. 46 g of solid and liquid was obtained. The nmr spectrum of this 
mixture indicated that the mixture contained a large amount of the 
starting I'IE.terial and possibly a dihydro- and tetrahydro-N-rethyl-
benzamide in small amounts. No further work was done in characterizing 
this product. 
TI'IELFIH REDUCriON OF N-I·1ETI-IYIBENZ.Al'iJIDE (\VITH 3. 42 .EQUIVAJ:&lTS OF 
SODIUM AND.NINErY-l<'IVE PERCENT ETHANOLY IN AivfiVOITA AT ..:.75°. -
All pararrEters were the sam:: as in the Eleventh reduction of 
N-rrethylbenzarnide except that the terrperature was - 75° . After work-
up, 3. 35 g of liquid and solid was obtained . The nmr spectrum of 
this product did not differ significantly from the nmr spectrum of 
the product of the Eleventh reduction. 
THIRI'EENTH REDUcriON OF N- ME'IHYIBENZAJ.ITDE (~·liTH 3. 42 EQUIVAlENTS 
OF SODIUM) vJITH 'JER.I'IARY BUTYL ALCOHOL AT - 33° . --
The quantities of reagents w~re double those in the 'IWelfth 
reduction and 200 .ml of t-butyl alcohol was used as a proton source . 
( 77) 
'Ihe work-up and set-up were the same except that arnrroniurn chloride, 50 g, 
was added after the disappearance of the blue color. After work-
up, 8.56 g of semi-solid material was obtained. The runr spectrum 
of this material indicates that there is still a small amount of 
• I 
starting material in it . Most of the product was reduced ring material 
with intense absorption in the vinyl region of the mnr spectrum. Attempts 
to recrystallize the material from benzene, ethanol, and petroleum 
ether were unsuccessful. The semi-solid could not be induced to 
form any crystals after evaporation of the solvent used for recrystallization. 
It was shown by runr spectra from a later reduction, that this liquid 
111as mostly s t arting material reformed either through air oxidation 
or disprop.~.!.'tionation. 
FOURI'EENTH REDUGriON OF N-J<IETHYLBENZAMIDE (1AJITH 3. 42 EQUIVAlENTS 
OF SODIUIVJ Ai'.JD ABSOLL!'TEJ~fu\JOL) AT -33°. 
The procedure was the same as in the reduction Elevenexcept that 
- 30 g;; NJ:r4cL .- .: - ·: 'i'las added after the disappearance of the blue color. 
After work-up, 7.43 g of semi-solid, solid mp 72-74° was obtained. 
The nmr spectrum of the crude product resembles the nmr spectrum 
of the product of the Thirteenth Reduction. Attempts to recrystallize 
the product were unsuccessful. .· 
FIFrEENTH REDUCTION OF N-!VIEI'HYLBENZAMIDE (WITH 3. 42 EQUIVALENTS OF 
SODIUM MTD .ABSOLUTE EYdANOL) TI\I AMMONIA AT -78°-. - -
'Ihe procedure was the same as in the Thirteenth Reduction except 
that 200 rnl of absolute ethanol was used as a proton source. After 
work-up, 8.32 g of semi-solid was obtained. This material contained, 
as determined from its nmr spectrum, a large annunt of starting material 
and reduced ring components which might have been tetrahydro- and 
dihydro-N-rr.ethylbenzarnides. No further work was don in character-
izing the components of' this mixture. 
SIXTEENTH. REDUCTION OF N-!'v'lETHYLBENZAMIDE (\VITH 4. 0 EQUIVAIENTS OF 
SODIUM AND ABSOLUTE ErHANOL) IN Al\'iMONIA A~ -
'lhe procedure was the same as that used in reduction Five. 
The quantities of reagents were ~5.0 g of N-methylbenzamide, 10~02 g 
of' sodium, · 4.0 equivalents,and 30.0 ml of ethanol. Arter work-up, 
12.43 g of solid and liquid were obtained. The nmr spectrum of this crude 
product indicated that the material \vas mostly reduced ring c6ill£onent(s) 
'idth little or no starting material. Attempts to purify the product 
thi>ough recrystallization from benzene, ethaYJ.ol, ethanol-vrater, ethyl 
acetate, etLyl acetate-water, and benzene-petroleum ether (low boiling) 
were unsuccessful. The recovered product from repeated atterrpts with 
various solvents indicated from the nmr spectra that N-methylbenzamide had 
been reformed with some reduced ring components still present but not 
much. 
PREPARATION OF 1, 2, 5, 6-TETRAHYDRO-N-Iv1ETHYLBENZAMIDE 
By ~se of established procedure (79) 1,2,5,6-tetrahydrobenzoic 
acid was converted to i,2,5,6-tetrahydro-N-methylbenzamide._via the 
acid chloride and a 40% aqueous solution of methylamine. 'lhe crude 
product, mp 72-78°, nmr spectrum, Figure 10, page 32, was not the 
(79) 
saJOO as the nmr spectrum of VII, glc purified, mp 48-49°, Figure 9. 
page 32. 
' . 
. . 
.. 
't ... 
(80) 
FIRST REDUCTION OF N,N-DD1ETHYLBENZAMIDE (1tJITH 5.0 EQUIVAlENTS OF 
SOi5illtJI AND EI'HANOL) AT -3 3° . . 
The reaction conditions, amount of solvent and experimental 
set-up were the same as in the reductions of benzamide (see page 
66). N,N-Dimethylbenzamide, 10.0 g (0.0673 mole) was dissolved in 
the anhydrous ammonia before 7. 75 g (0 .335 mole, 5.0 equivalents) 
of sodium was added during ten minu:t;es . The solution was stirred 
an additional 15 min to insure that all the sodium had dissolved. 
Absolute ethanol, 28.0 ml, was added until the blue color was dis-
charged, indicating that reduction was complete. Amr:ionium chloride, 
48.0 g was added to the mixture, with stirring continued for an 
additional 30 min. · The ammonia was evaporated at ambient temperature 
and pressure. The resulting solid and liquid were dissolved in 500 
ml of distilled ice water. The dissolved mixture >-ras extracted with 
three 250 ml portions of distilled methylene chloride. The extracts 
vlere combined and dried over anhydrous sodium sulfate. One half of 
the methylene chloride extract was evaporated at reduced pressure 
and the other portion of methylene chloride extract was evaporated 
at normal pressure. The portion that was subjected to evaporation in vacuo 
afforded l. 7 4 g of brown liquid; that vlhich w·as evaporated at atmos-
pheric pressure in a vmter path:yielded ~-79 g .of br6vm· :W.,qliid,-.for 
a total of 4 . 53 g of crude product. The difference in the two yields 
was ascribed to incomplete removal of solvent at atmospheric pressure. 
The ir spectra of the two samples were similar. Glc showed that both 
(81) 
sampl es contained solvent as well as minute quantities of benzaldehyde 
and an unknown conponent that had the same retention ti~ as benzyl-
dimethylamine. 
SECQ\TD REDUGriON OF. N, N- DIMEI'HYIBENZAMIDE (HI'IH 5.0 EQUIVAIENI'S OF 
SODiill•1 AND EI'HANOL) AT - 33° . 
The quanti ties of reagents and conditions were the sane as in 
the First :reduction of N ,N-di.rrethylbenzamide . The \-vorl<:- up \vas dif-
ferent. After the absolute ethanol, 36 .0 ml, had been added, 50 .0 g 
of amrroniurn chloride was added. The ammonia was then evaporated at 
ambient temperature and pressure through two ice traps with a stream 
of nitrogen as carrier throug]l-out the evaporati on. 'Ihe solid was 
washed with _300 ml of distilled ether which was decanted. The traps 
contained nothing after the evaporation. 'Ihe ether \-vas distilled off 
with the aid of a hot Vlater bath ( 50°) , to give 9. 82 g Of liquid residue. 
Glc showed that this liquid contained ether, water, ethanol and a 
component that had the sarre retention time as tolue-ne . Efforts t o 
collect the toluene were unsuccessful and cnly resul ted in ob-
taining a, component whose nmr spectrum resembled ethanol . The ir 
spectrum differed fi>om that of the starting material but had many 
of the bands of the starting material also • 
. · 
'Ihe solid material remaining after the ether washings vJas dis-
solved in 200 rnl of water and extracted vlith three 100 ml portions 
of rrethylene chloride . 'Ihe corrbined extracts were dried over · an- -
I 
hydrous sodium sulfate, filtered, and ·evap-
( 82) 
or at ed by a hot water bath (65°), yi e l ding 0 .67 g of liquid. 
Glc showed that this liquid also contained sol vent and a corrponent 
that had the same retention time as toluene . 
THIRD REDUC'"ITON . OF N, N-DIMETHYLB&TIJZAMIDE (WITH 10.0 EQUIVAlENTS 
OF SODIUM) AT - 3J0. 
T'.oe conditions and quantities of reagents 1..,rere the same as 
in the First and Second reductions of N,N- dimethylbenzamide except 
that 15. 50 g (10.0 ·equivalents) of sodium and 79. 0 ml of absolute 
ethanol \vas added over a period of 45 min. 'Ihe work-up was the 
1r 
sarre as in the first reduction except that all or the methylene chloride 
was evaporated on a water bath, to give 2. 32 g of brown liquid. 
Glc indicated that this liquid contained solvent, ethanol, and two 
unidentified peaks vTith retention times longer than toluene . No 
further work v1as done in the characterization of t his liquid. 
THE SOLUTION OF N , N- DI METHYIBENZAMIDE JN UQUID AMM)NIA. 
A blank experirrent was done to make sure that no exchange of 
- NH2 groups for _:N(CH3)2 groups occured in liquid amroonia. 
Under t he conditions of a reduction, 10 . 0 g (0.0673 rol e ) of 
N,N-dimethylbenzamide was dissolved in approximatel y 800 ml of an-
hydrous anmonia and stirred vigorously for 2 hrs at reDux (- 33?) . 
Then 50. 0 g of amnoniurn chloride was added before 
the arrrnonia was al lowed to evaporate at ambient temperature and 
pressure. '!he solid remaining was washed with four 100 ml portions 
of distilled ether, the washings being combined. '!he ether was 
evaporated using a water bath, yielding 10 .15 g of material. '!he ir 
spectrum of this material was identical to that " of the starting material 
as was the nmr spectrum except for sol vent absorptions. '!he greater 
than 100% yield was attributed to the incomplete removal of the solvent 
during work-up. Glc indicated that the material contained starting 
material , \'later, ether and two small unidentified peaks that eluted 
rigpt after ether and were close together. 
FDURI'H REDUCTION OF N,N-DIMETHYLBENZAMIDE (vliTH 10.0 EQUIVALENTS 
OF SODIUl'il fu'ID El'HANOL) AT -33°. 
'!he conditions, quantities of reagents and experimental set-up 
\•Tere the same as in the Second r eduction of N ,N--ctirnethylbenzamide . 
Tne \'Tork-up was the same as that utilized in . t he 'Ihird reduction, 
except that no nitrigon was used as carrier gas and 300 ml of dis-
tilled ether was added before the ammonia was allowed to evaporate 
through the i ce traps. The ether was decanted, with the ether in the 
traps being added to the decant ate . The solid r emaining in ~he re-
action flask was washed with two 100 ml portions of distil l ed ether. 
'Ihe washings were added to the decantate . . Tne et her was evaporated "Qy 
use of a hot water bath, to give 8.30 g of liquid. A component came 
off at 80° which contained ethanol. '!he crude , unpurified, 
(84) 
liquid product gave ttvo unlmmm peaks on the glc, one of which had 
the sane retention time as benzyldimethylamine. The glc conditions 
are given on page 71 • 'Ihe fraction remaining after all of the material 
that distilled at 80°' was put on a glc column, 30 111 at a time, and 
collected in two fractions . One fraction contained ethanol and ether 
and a minute quantity of an unlmown component. The other fraction 
constituted one peak, but the sample was not large enough for charac-
terization. (Column 5 ft, 10% carbowax on Aeropak 30, column 170°, 
collector 225°, detector 280°, injector 225°, gas, helium, flow rate 
60 ml/min). A sample of the crude product was shaken with water. 
'Ihe water-insoluble component appeared from its nmr spectrum to 
contain vinyl, methylene, and phenyl protons. This component was 
believed to be reduced hydrobenzamide, (see page 36). The water-
soluble portion appeared to be ethanol from the nmr spectrum. Tne 
glc of the crude material appeared to indicate water, ether, ethanol 
and two minor unidentified components. No further work was done 
to characterize the product of this reduction. 
F lBTH REDUCTION OF N ,N-DTI<lliTHYlliENZAMIDE (\>JrrH 10.0 EQUIVALENTS OF 
SODIUM). 
The set-up, work-up and experimental conditions \'Jere the same 
as in the Fourth Reduction of N ,N-dimethylbenzarnide. The quantities 
of reagents were different. N,N-Dimethylbenzamide was dissolved in 
approximately 800 ml of anhydrous refluxing ammonia, to which 45.00 g 
(85) 
of sodium (10.0 equivalents, 2.01 mole) was added in small pieces 
over 25 min. Ethanol, 224 ml, "\'las added during one hr. After the 
addition of approximately 190 ml of ethanol, the reaction mixture 
flared up with some of the mixture shooting out of the reaction 
flask. (A possible reason for the flaring is that all of the sodium · 
had not dissolved initially). Ether, 400 ml, was added before the 
anmonia was allowed to evaporate. The trap contained only ether 
and ethanol as evidenced by glc. After evaporation of the ether, 
95.86 g of material was obtained. This material was liquid and 
amorphous solids. 'lhe amnonium chloride and other solids of this 
reaction mixture were not crystalline as in the other four reductions 
but were amorphous and gelatinous. The crude product was distilled 
at reduced pressure (18 nrn) to yield 8. 4 g of liquid (vapor would 
not go above 40° , batf? 25-200°) . Glc indicated that the liquid was 
. . 
ethanol and an unidentified component that was possibly benzaldehyde. 
No further work was done on characterizin~ the product of this reaction. 
SIXI'H REDUCTION OF N ,N-DD'IE'I'HTLBENZAI'.fiDE (WITH 10.0 EQUIVAIENI'S OF 
SODIUM). - ---- -
The conditions , · quantities of reagents and work-up Nere the 
SCliiE as in the reduction Four · except that approximately 1500 ml 
of anhydrous liquid anmonia was used in a 3 1, 3 necked flask. 
other exceptions were that there was no flare up and that after 
(86) 
225 ml of absolute ethanol had been added over a period of 1.5 hrs, 
15.0 ml of 95% ethanol was added in order to complete the reduction. 
Tne 95% ethanol was added because there was no more ethanol (absolute) 
available at the tilre. The traps contained only ether and ethanol 
(glc). The ether layer in the reaction flask was decanted and filtered 
of any solid material. Again the remaining solids were amorphous, 
gelatinous, and not crystalline. Approximately half of the 400 ml 
of the ether rrdxture was distilled over, leaving 89.3 g of solid. 
Glc indicated that the liquid contained ethanol, ether, and water. 
'Ihis solid reacted violently with chloroform evolving ITRJ.ch heat and 
was not worked with further. 
SEVENTH REDUCTION OF N,N-DHllE'IHYLBENZAMIDE (\'liTH 10.0 EQUIVALENTS 
OF SODIDM) AT -33°-:- ----
'Ihe quantities of reagents, ex:peFl.rrental set-up, reaction con-
ditions were the sanE as in the Fourth Reduction. The ether was 
decanted :from the product. After evaporation, residue remained . 
ivhich appeared to have little, if any, of the starting rraterial as 
evidenced by the runr spectrum. 'Ihe nmr spectrum had s t rong absorp-
tion :in the vinyl region ( r 5. 5-5. 8) indicat:ing that sorre r:ing re-
duction had occurred. The product '\'las vacuum distilled (3. 0 nm, bath 
170°, vapor 50-55°) to yield 1.56 g of liquid which had appreciable 
absorption in the vinyl proton region :in its runr spectrum. The residue 
appeared to be polYmeric from its nmr spectrum, also nothing was extracted from the 
( 87) 
residue after 48 hrs of continuous ether extraction. The trap con-
tained ether, ethanol and· water. No further work was done in charac-
terizing the product of this reduction. 
EIGHTH REDUCTION OF N ,N-Dlllffi.'HYLBENZAMIDE (HrrH 10.0 EQUIVALENTS OF 
SODIUM) AT -33° . 
'!he quantities, conditions and set-up \vere the same as in the 
Fourth - reduction of N ,N-dimethylbenzamide. Water, 500 ml, was added 
to the ether-product mixture to dissolve the inorganic salts. The 
ether layer was separated and the aqueous layer extracted with four 
100 m1 portions of ether with the extracts being added to the other 
ether mixture. The ether mixture was dried, filtered and the ether 
evaporated using a hot water bath, to yield 10 . 21 g of a two-phased 
liquid. The top layer 1\l'as shcnm to be water, ether and a small amount 
( less than one percent) of reduced aromatic compound from the nmr 
spectrum. The bottom layer shot'led absorption in its runr spectrum 
in the vinyl region, the methyl ene region, a sharp singlet, at 6 2.16 
and absorption_in the aromatic region . The material was believed 
to be reduced hydrobenzamide. The crude product was vacuum distilled 
(vapor 50-55°,qath 150-175° ;3.0 mm) to yield 8.21 g of liquid and 
1. 25 g of solid. The nmr spectrum of the liquid appeared to "indicate 
ethanol, ether, water and a small arrount of a component that con-
taii-led vinyl hyd..T'Ogens. There is an unaccountable singlet (sharp) 
a 6a.o. The solid appears to be polymeric from its nonvolatility. ' 
The ether and ethanol layer contained a component that had 
the same retention time as toluene. This coJlllound was sho,.m to: be water. 
( 88) 
NINrH REDUGriON OF N,N-DH1EI'HYLBENZAMIDE (Hri'H 10.0 EQUIVALENTS OF 
SODIUM) AT - 33°.-
Everything was the same as in the FOurth reduction except that 
no amnonium chloride was added. Absolute ethanol, 500 ml , was added 
for the color to change and 600 ml of ether, before the anmonia was 
evaporated through the ice traps . The ether mixture \-.ras filtered 
and the solid washed with 200 ml of ether. The washings were added to 
the first filtrate. 'Ihe filtrate was dried with anhydrous sodium 
sulfate and filtered. The volatile material boiling bel ow 81° (atm.) 
\'las collected using a water bath, to yield 102 . 10 g of semi- sol id 
material. The precipitate before the ether was filtered was thought 
to be sodium ethoxide. The rnnr spectrum of this precipitate did not 
coiTespond to what would be pr edicted for sodium ethoxide . The semi-
solid was vacuum distilled (3.0 mn, vapor 67°, bath 100°) to give 
46 .37 g of liquid which was shown to be aJmost pure ethanol (nmr 
spectrum). The solid residue , 53 .18 g , was shmm to be sodium 
ethoxide by an interpretation of its nmr spectrum. 
TENTH REDUGriON OF N ,N-DIMETHYLBENZAMIDE (1-JITH 10 . 0 EQUIVAI.ENI'S OF 
SODIUM) AT -33° . 
All parameters were the sarr:e as in the red.L~::!tion Four except 
that only ·195 ml of absolute ethanol was added in the expectation 
that t he amount of inorganic material would be lowered. After eva-
poration of the ai1100nia, the ether which had been added to the fla$k, 
(89) 
tvas filtered of solids and the solids washed with three 100 ml portions 
of ether. The washings were added to the filtrate. Evaporation 
of the ether and ethanol (35-80°) yielded 92 .09 g of solid and ' liquid. 
Vacuum distillation of this material ( 6. 0 rrm, vapor 65°, pot 200°) 
yielded 47. 43 g of ethanol. About one-half of the solid material 
remaining after vacuum distillation of the crude material was ex-
tracted in a Soxehlet extractor with refluxing chloroform, ('!his 
solid material reacted violently initially with chloroform) for 172 hrs. 
After evaporation of the chloroform 4. 3 g of solid material was ob-
tained. This naterial appeared to contain ethanol and some unident-
ified component that absorbed in the aromatic region of its nmr 
spectrum. No further work was done on the produc~ of this reduction. 
EIEVENTH REDUGriON OF N.,N-DIMETHYLBENZPJVfiDE (TtJI'IH 5.0 EQUIVAlENTS 
OF SODIUM) AT -33°.-
The expe:r:il'rental set-up, conditions and work- up were the sane 
as in those reductions in which ice traps were used an no ammonium 
chloride added. The quanti ties of reagents were the sane as in the 
First Reduction. After evaporation of the ammonia, the ether was 
filtered of the solid material and the solid washed with 200 ml of 
ether. The v1ashings were added to the decantat e . Evaporation of the 
ether (hot"'~Tater) yielded 33.59 g of solid and liquid whose runr, 
spectrum indicated that toluene could be one of its components . 
This solid material also reacted violently with chloroform. Attempts 
(9Q) 
were made to extract the solid and liquid with chloroform after the 
first addition of 25.0 ml of chloroform since after the first 25.0 ml, 
the reaction subsided. The material was then extracted with two 
50 ml portions of chloroform to give, after evaporation of the chloro-
form, 6.54 g of gelatinous material. The nrnr spectrum of this material 
indicated that it rnigpt contain toluene, ethanol and some unidenti-
fied aromatic component. 
T\.ffiLFI'H REDUGriON OF N ,N-DI.METlNLBENZAl'viTDE (VJITH 3. 3 EQUIVALENTS 
OF SODiill1) AT -33° . 
The quantities of reagents were changed in this reduction, no 
ice traps were used and amnonium chloride, 50.0 g was added before 
evaporation of the amnonia. N,N-Dimethylbenzamide, 10.00 g (0.0673 
mole) was dissolved in ammonia before 5.11 g of sodium (0.222 mole, 
3. 3 equivalents) was added. Then 9 . 0 ml of ethanol was added to 
discharge the blue color. Ether, 1000 ml, was added before the apmonia 
was evaporated. The ether was evaporated (hot water) to yield 8.11 g 
of a viscous liquid whose nrnr spectrum indicated that it contained 
benzaldehyde, starting material and hydrobenzamide VIII. A.Yl ether 
solution of the product contained a minor component that had the 
Sall'E glc retention time as benzaldehyde also plus two minor unident-
ified glc peaks with retention times greater than 25 min. 
THIRIEENTrl REDUGriCX'J OF N ,N-DIMETHYIBENZAMIDE (WITH 2. 0 EQUTVALENI'S 
OF SODII.JM) Kr -33° • 
The quantities were all the sarre as in the Twelfth reduction 
except that 3.09 g (0.1346 mole, 2.0 equivalents) of sodium was used. 
The reaction did not change color even after 88.0 ml of absolute 
ethanol had been added. After about l. 0 g of a total of 50.0 g of 
anmonium chloride was added, the color was discharged. Work-up of 
the reaction inixture was sligtltly different from the previous ones. 
After the evaporation of the ammonia, the residual ether was decanted 
from the soiid rraterial in the reacti on flask, dried and evaporated 
to yield 5.19 g of viscous liquid. The solid in the reaction flask 
was dissolved in 500 ml of \'later, to give pH 12. The solution was 
extracted with two 100 ml portions of ether. 'Ihe dried ether ex-
tracts were evaporated in the same flask that held the residue of the 
ether which was decanted from the solid in the reaction flask. The 
aqueous layer was made acidic (pH 1) with 10% hydrochloric acid and 
extracted with two 100 ml portions of ether. rrhe ether was dried, 
and evaporated in a separate flask to yield 0. 55 g of liquid. 
Total recovery vms 7. 46 g of crude product. 'Ihe nmr spectrwn of 
the basic extract indicated that the product contained starting 
material, benzaldehyde, solvent, and unidentified corrponent(s). 
Glc (see page 7l) also indicated that the product contained benzal-
dehyde and two conponents with a long retentioo tirre, (greater than 20 
(92) 
min under conditions, under \·ihich benzaldehyde had a retention tine 
of 6 min. '!he acidic extraction product did show benzaldehyde in the 
glc but not in i ts nmr spectrum possibly due to the small amount of 
benzaldehyde. 'Ihe nmr spectrum of the acidic product exhibited ab-
sorption for solvent and hydrobenzamide. 
The product from the basic extraction was extracted with four 
25 ml portions of saturated sodium bisulfite solution. The bisul-
fite addition product was nade acidic with 10% hydrochloric acid 
(pH 1 Dual Tint). 'Ihe solution was extracted with fo~ 100 ml portions 
of ether. 'Ihe extracts were corrbined, dried (Mg so4) and evaporated 
to yield 0.42 g of liquid that srrelled like benzaldehyde. 
The 2, 4-dini trophenyThydrazone of benzaldehyde was prepared from 
this liquid. 'Ihe 2,4-DNPH was recrystallized from ethanol- water-
ethylacetate, m.p. 237-240°,lit. 23~ (71). 
The solid remaining after formation of t he bisulfite addition 
prOduct does not sha'f absorption in the a ldehydic proton region of 
its nmr spectrum but shows only absorption due to N, N- dimethylbenzamide 
and some unidentified components. 
FOURI'EENTH REDUCTION OF N,N-DU.1E'IHYIBENZAMIDE (HITH 2. 0 EQUIVAlENTS 
OF SODIUM) ~ -33° . - -- -
The quanti ties of reagents, set-up, conditions were the same 
as in the . 'IWelfth reduction of N ,N-dimethylbenzamide. 'Ihe work-
~0& ... , 
( 93) 
up was different in that the ether added \'las decanted off only and the 
solid remaining not further treated, a viscous liquid, 6. 72 g , was 
obtained v1hose nmr spectrum was similar to that of the product from 
the TI1irteenth Reduction. 
FIFTEENTH REDUCTION OF N ,N- DIMm'HYLBENZAMIDE (WITH 3 . 3 EQUIVAlENTS 
OF SODill1) AT -33° . 
'Ihe conditions, reagents, and set-up were the same as in the 
Twelfth reduction, with only the work-up different from that of the 
Twelfth reduction. No ether \vas put in the reaction flask before 
the evaporation of the arrmmia. After evaporation of the amnonia, 
the crude product was dissolved in 200 ml of water and extracted with 
three 100 ml portions of ether. All other procedures were the same 
as in the 'I't-1el fth reduction. Evaporation of the ether yielded 6 .87 g 
of viscous liquid. The nmr spectrum of this crude product differs 
slightly from the nmr spectrum of t he product of the Twelfth reduction 
in that there appeared to be a small aiiDunt of what may be benzoic acid 
as evidenced by the slight absorption in the hydroxyl proton region for 
benzoic acid. This crude product was distilled of everything that boiled 
below 195° (atm). The distillate appeared from its nmr spectrum to 
consist of benzaldehyde , . toluene, water, ethanol and perhaps ben-
zoni trile. 'llie residue in the flask was shown to be impure 2 , 4, 5-
triphenyli!1lida ~ole IX, and was r ecrystallized from ethanol- water 
after filtration of the hot ethanol solution. A dark precipitate, 
(94) 
which \'las shown to be impure IX, settled out of the recry3tallizing 
solution immediately. The hot solution was decanted from this residue 
and recrystallization was allowed to occur. Recrystallized lX melts 
at 255-260°. After 4 addition recrystallizations from a rnp of 272-
2730 was obtained for IX. 
SIXTEENTH REDUCTION OF N,N-DIMETHYLBENZAMIDE. (WITH 3.42 EQUIVALENTS 
OF SODIUM) liT -7 5°. -
'Ihe set-up was the same as in the Fifteenth reduction. '!he 
procedure was different in that Kuehne and Lambert ' s procedure was 
used. In addition, 135 ml of 95% ethanol was used instead of ab;..; 
0 
solute ethanol at -75 . After completion of the reaction, the solids 
were dissolved in 200 rnl of water and then extracted with three 
200 rnl portions of ether. The ether was then evaporated in vacuo on a 
hot water bath, to yield 5. 20 g of viscous, brovm liquid, \'lhose nmr 
spectrum did not differ significantly with the nmr spectrum of the 
product from the reduction ~lith absolute ethanol and 3.3 equivalents 
of sodium using the procedure of Wilds and Nelson. 
SEVENTcl:NTH REDUCTION OF N , N- DIMETHYLBENZAIVJIDE (WITH 3. 42 EQUIVAlENTS 
OF SODIUM) AT - 33? - --
'Ihe procedure was the same as that used in :he Sixteenth r eduction 
(95) 
except that the t~erature was -33°. After evap~ration of the ether, 
5.09 g of liquid was obtained. 'The nmr spectrum of this product 
differed from the nmr of the product of the Sixteenth reduction only 
in the intensity of the absorptions . No further work was done on t his 
product. 
' I 
EIGHTEENTH REDUCTION OF N ,N-DIMETHYLBENZAMIDE (\>Jrl'H 3 . 42 EQUIVALENTS 
OF SODIUM) AT -33° . 
The procedure was the srure as that in the Sixteenth reduction 
except that 200 ml of t-butyl alcohol was used instead of 95% ethanol. 
The product's nmr spectrum did not differ significantly from the nmr 
spectrum of the product of the Seventeenth reduction. No furt her work 
vias done on this product which was 7. 54 g. 
. . 
NJNETEEl>..llffi REDUCTION OF N ,N-DIMETHYLBENZArlfiDE (vJrrH 3 . 42 EQUIV.ALENrS 
OF SODr~1) AT -33°. 
The procedure was the same as that of the Sixteenth reduction 
except that 30.0 g of ammonitnn chloride was added to the mixture 
after discharge of the blue color. The product, 9, 34 g, did not 
differ from the product of the Eighteenth reduction as evidenced 
by a comparison of the nmr spectra of the products from the two re-
ductioP...s . The addition of ammonium chloride appeared to increase 
the yield, however. 
(96) 
FIRST REDUCTION OF BENZYLDIMETHYLAMINE (\<liTH 5.0 EQUIVALENTS OF 
:sc5iS'iillJI) AT -33°.- --- -
,.. 
' I 
Under the same conditions as the reductions of benzamide (page 65) 
and N,N-dimethylbenzamide, benzyldimethylamine, 10.0 g (0.0742 mole, 
11. 25 ml) was dissolved in approx1mately 800 ml of anhydrous , dis-
tilled refluxing liquid ammonia. Sodium (0.37 mole, 5.0 equivalents, 
8. 52 g) was added to the flask in small pieces over a period of 
ten rn:inutes. Absolute ethanol, 132. 0 m1, was added, dropwise, over 
a period of 30 rn:in. Anmoniurn chloride, 50 • 0 g, was added after the 
blue color discharged. The armnonia was allowed to evaporate through 
two ice traps overnight at ambient temperature and pressure after 
200 ml of distilled ether had been added. The two traps contained 
ether, ethanol and a substance that had the same retention time as 
the starting ·material, but proved to be 2,5-dih.ydrobenzyldimethylarni.ne, 
XII. The ether in the reaction flask was filtered and the solid 
washed with three 150 ml portions of distilled ether, with the 1-rashings 
being added to the filtrate. The ether was evaporated by the use of 
a hot water bath, yielding 9 • 09 g of liquid which contained ethanol 
and material ·which had the same retention time as benzyldimethylarnine. 
The nmr spectrum of the crude product showed that only a very small 
percentage of this mixture was the initial amine as evidenced by the 
small airount of absorption in the aromatic region. The product was 
vacuum distilled (8.0 mm, 40-43°, bath 70°) to yield 8.79 g of liquid 
whose nmr spectrum showed that there was still a small amount of 
(97) 
starting material and possibly an unidentified impurity with absorption 
at 6 2.25. The vacuum distillate was subjected to glc separation in 
an attempt to separate the red~ced amine from ·the impurities (10% . 
carbowax on Aeropak 30, 80-100 mesh, 15 ft. 3/8 inch internal diameter, 
column 150°, detector 210°, collector 200°, injector 200°, helium 
50 ml/min, Aerograph A-90). 'Ihe condensc.te \7hid1 was collected, 
n;4 1.4800, still had a little starting material in it (less than 
1%) as determined by the nmr spectrurn, but the peak at 6 2. 25 had 
not diminished significantly. 
Anal. Calc. for c9H15N, 2, 5-dihydrobenzyldimethylarnine, XII: 
C, 49.18; N, 15.30; H, 4.91; 0, 30.60. Found: C, 49.05; 
N, 15.19; H, 5.07; 0, 30.41 . 
. : 
SECOND REDUCTION OF BENZYLDIMETHYLAMINE (WIT!I 5.0 EQUIVALENI'S OF 
SODIUM) Nr -33° . 
The conditions, work-up quantities or reagents and set-up, were 
the same as in the First reduction of benzylclimethylamine. AgainJ 
the traps contained ether, ethanol, and a corrponent with the same 
retention time as the starting amine. After evaporation of the ether, 
9. 72 g of liquid was obtained which, from its nmr spectrum, it was 
determined that this material did contain the starting material, about 
5%, but the major component was XII. 
A portion of the product was subjected to separation by glc 
(See above). The condensate had the extraneous absroption at 6 2.25 
in the nmr spectrum but did not have any absorption in the aromatic 
region. The picrate melts 95-98°, recrystallized, dried at 70° for 
12 hrs' mp 107-108° • 
THIRD REDUCTION OF BENZYIDIIvlETHYLAMINE (WITH 5. 0 EQUIVALENTS OF SODIUM) 
AT -33°. - --- -
'lhe conditions, experimental set-up, and \,_rork-up were the same 
as in the other two reductions of the amine. The quanti ties of rea-
gents were different. Benzyldimethylarnine, 50.00 g ( 0. 3710 mole" 
50 .15 ml) , 46. 60 g of sodium ( l. 85 mole, 5. 0 equivalents) , approximately 
2, 500 ml of anhydrous amnonia and 400 ml of ethanol were used . No 
ammonium chloride or ice traps were used. The color discharged to 
a light blue instead of becoming clear. The material was lost after 
work-up, but enough was obtained for glc and nrnr and indicated that 
reduction to XII had occurred. 
FOURTH REDUCTION OF BENZYIDIMETHYLAMINE ( \~ri'H 5.0 EQUIVALENTS OF 
SODIUM) AT -33°. 
The parameters were the same as in the Third reduction of the 
amine, except that approximately 1000 ml of ammonia and 310 ml of 
ethanol were used. The color completely dis.charged in this reduction 
as compared to the Third reduction when it did not completely dis-
charge. The crude amine was vacuum distilled, (vapor 70°, bath 175°, 
, . 
10.0 mrn) to yield 26.92 g of product whose nmr spectrum was comparable 
1 . ~ 
(99) 
to similarily treate9 products from the reduction of benzyldimethylarnine. 
Equal amounts, 5. 00 g, of · the product and picric acid, were heated 
to give 7. 78 g of picrate. 'Ihe recrystallized picrate, after drying 
one hr at 75°, had a rnp, 102-104°. All of the picrate was added. 
to a 250 ml separatory funnel and 150 ml of distilled water added. 
Sodium hydroxide, two pellets at a time, were added, and the funnel 
shaken until the solution was basie (pH .12) ; The basic 
solution was then extracted with five 50 rnl portions of ether, the 
extracts combined, dried with anhydrous sodium sulfate, filtered and 
the ether removed using a hot water bath yielding 0. 664 g of XII. 
T'ne nrrrr spectra of this material, both 60Mc and lOOMc spectra, showed 
that there was still possibly some material in the product other than 
2,5-dihydrobenzyldimethylarnine since the absorption at 6 2.25 was 
still in the spectrum. A portion of the reduced product, 15. 20 g, 
was ~de into a picrate and the picrate recrystallized six times to 
yield 16.56 g of picrate, m.p. ·107-108°. Half of the picrate., 8.26 g, 
was decomposed using 50% aqueous sodium hydroxide and the mixture . 
worked up, as in the case of the sodium hydroxide pellets above, to 
yield 1.99 g of product whose nmr spectrum still has the absorption 
at 0 2. 25, which caused the integration to be incorrect in all of 
the other spectra as in this one. The picrate was recrystallized 
two more times, for a total of eight, and decomposed. The product 
still contained the unidentified absorption but it was less thari in 
the crude product indicating that by recrystallization it might be 
eliminated altogether. 
(100) 
FIRST REDUCI'ION OF BENZYL·ALCOHOL (WITH 5.0 EQUIVAlENTS OF SODIUM) 
AT -33°. -
. e .... rt · . .. · ~ 
By use of the same conditions as the other reductions, benzyl 
alcohol, 10.0 g (0.092 mole, 9.70 rnl) was dissolved in 800 rn1 
of anhydrous liquid amnonia after which sodium, 10. 65 g, ( 0. 464 mole., 
5.0 equivalents) was added. Ethanol,~ 26 rill, was' then'added;. until 
the blue color discharged. After the addition of ammonium chloride 
and 300 rnl of distilled ether, the amnonia was evaporated through 
two ice traps. Both traps contained ether, ethanol and 2, 5-dihydro 
toluene, X. The ether from the reaction flask was decanted and fil-
tered. 'lhe solid in the flask was washed with 100 rnl of distilled 
ether with the washings added to the filtrate. The fraction boiling 
at 35° contained ether (b.p. 35°), ethanol (b.p. 78°) and X. Only 
liquid boiling between 36-80° was obtained from the ether mixture 
before the flask became dry \'lith 0. 33 g of solid material remaining 
in the flask, which was sodium benzyl oxide. The condensate con-
tained ether, ethanol, and X as evidenced by nmr and glc studies. 
SECOND REDUCTION OF BENZYL ALCOHOL (WITH 2. 5 EQUIVAlENTS OF SODIUM) 
AT -33°. 
The work-up, experimental conditions and set-up were the same 
as in the Frist reduction as was the amount of arnrnonia and benzyl 
alcohol. Sodium, 5.33 g (0.232 mole, 2.5 equivalents) was dissolved 
(101) 
with the benzyl alcohol-anmonia solution. Ethanol, 20.0 ml, was 
added to the reaction flask even though the blue color discharged 
after rv 5. 0 ml of ethanol. No ether was added to the reaction flask 
before the anmonia \'las allowed to evaporate. The liquid remaining 
in the reaction after evaporation of the ammonia was filtered from 
the solid material. The solid in the reaction flask was \'lashed with 
three 50 ml portions of ether with the washings being added to the 
above filtrate. The liquid mixture vlas partitioned between 50 ml 
of water, the organic layer being separated and retained. The water 
layer was \'lashed with two 50 ml portions of ether , with. the washing 
being added to the organic layer. The extracts were dri ed over 
anhydrous magnesium sulfate, filtered, and the ether removed employing 
a water bath. The product consisted of benzyl alcohol and water, 
indicating that reduction had not occurred and that the organic layer 
had not been dried enough. 
THlliD REDUCTION OF BENZYL ALCOHOL (HITH 3. 5 EQUIVALENTS OF SODIUl'1) 
M -33°. - --- -
All parameters \'lere the same as in the other reductions of 
benzyl alcohol except that 7.43 g of sodium> 3.5 equival~nts, 0.323 
moles was used in this reduction. The blue color was discharged 
after the ·addition of 26.0 ml of ethanol . No amnonium chloride or 
ether were added before evaporation of the amnonia through the ice traps . 
'Ihe product in the reaction flask was dissolved in two 100 ml por--
(102) 
tions of ether, extracts co1Tlbined, dried and ether evaporated yielding 
0.378 g of liquid. The low yield was probably due to the volatile 
product evaporating. The product appeared to be toluene from a com-
parison of the nmr spectra ·of the product and an authentic sample 
of toluene. The ether evaporated also contained toluene as 
evidenced by glc. 
I 
J 
(103) 
SCHEME III 
• • 'I • 
~ .. 
Birch Reduction of Benzyl Alcohol 
' " 
. . 
~ ' l 
. .., 
5.0 eq. of Na 
EtOH 
liq NH3, -33° 
2.5 eq . Na, EtOH 
liq. NH3, - 33° 
EtOH 
3.5 eq. of Na 
liq NH3, -33° 
(104 " 
NO 
REDUCI'ION 
FIRST ArJM)NOLYSIS OF BENZALDEHYDE IN LIQUID AfJJrrDNIA AT -33°. 
Benzaldehyde~ 25.0 ml (26.25 g~ 0.0247 mole) was dissolved in 
approximately 1000 ml of anhydrous distilled ammonia and stirred 
mechanically for thirty minutes. No precipitate formed or settled 
out of the liquid amnonia when the stirring was stopped. The am-
monia was allowed to evaporate at ambient temperature and pressure. 
'Ihe resulting solid product v1as dissolved in 400 ml of ether~ dried 
over anhydrous magnesium sulfate~ filtered and then the ether re-
m::>ved by a hot water bath, after which the benzaldehyde and other 
components boiling below 190°~ were removed by heating directly with 
a heating mantle to yield 4 . 45 g of liquid, and 15. 75 g of solid, 
mp 227-233° . The product IX, was recrystallized 2 times from ethanol-
water, mp 273-274°, (64-70). An analytical sample, seven times re-
crystallized, dried at 80° for four days, gave the ·. folloi'i'ing a.."lalysis. 
Anal. Calc. for c21H16N2: C, 85.13; H, 5.40; N, 9.45. 
Found: C, B3.92; H, 5.30; N, 9.92. 
The carbon analysis is much too far off and the nitrogen is 
marginal. 
The nmr spectrum of IX shows absorption of a corrplex multiplet in 
the aromatic region at g 7. 5 and a broad singlet at f 2. 87. The singlet 
is attributed to the single proton on the nitrogen and multiplet 
is attributed to phenyl protons. The integr-ation of the area under 
(105) 
the peaks mdicated a ratio of 15:1 for the phenyl versus imine proton, 
also. The picrate of IX was prepared (71) mp crude 220- 228° , mp 
recrystallized, dried 80°, 6 hrs, mp 235-236°, lit. mp 234° (72). 
The distillable liquid was shown frcm glc and nrnr data to be 
toluene, benzaldehyde and benzonitrile in the ratio 3:1:0.01.· 
SECOND .AMrJ:ONOLYSIS OF BENZALDEHYDE IN LIQUID M1ffDNIA AT - 33°. 
The quantities of r eagents , work-up, and conditions were the 
same as in the First ammonolysis except that 50.0 g of ammonium 
chloride was added to the mixture after the benzaldehyde- ammonia 
. 
had stirred for thirty minutes . Upon evaporating the ether, the 
only other liquid that was distillable , at less than 195°, was t oluene , 
which was identified by r etention time in glc and nrnr spectral data . 
A possible reason for not obtaiPJUng benzaldehyde and benzonitrile i s 
that work-up ·was carried out some time later and these t\--ro liquids 
may have been converted to involatile benzoic acid by air oxidation 
and hyd...l"'Olysis. IX, 18.71 g, mp 240-246° was recrystallized two 
t imes, mp 272-273° , had an nmr spectrum that was identical to the 
IX obtained from the First armnonolysis. A sample, 1 .12 g of the 
recrystallized 2 ,4,5-triphenylirnidazole was refluxed for 2 days with 
. -. . .. 
(106) 
20 m1. of 10% hy~chloric acid. No observable change was noted during 
refiuxing for two days. After refluxing the white solid was dried 
at S0° for 4 hrs, . mp, 170-1S0° . The solid was then sUbjected to 
drying at 120° ·for two hrs but it inadvertantly subl:imed during the 
two hrs. Another batch, 1.20 g, was boiled with 20.0 ml of 10% 
hydrochloric . aci~ for 10 min. 'lhe sample was dried at sao for 4 hrs, 
mp, 170-1S2°, and then recrystallized from ethanol-water, m.p . 272-
2730, indicating that IX was reforrred. 'lhe nmr spectrum of the product that 
resulted from treating IX with 10% hydrochloric acid did not resemble 
the nmr of IX. There is only a complex. multiplet in the aromatic 
region. 'lhe absorption due to the proton on the nitrogen of IX at 
6 2.S7 disappeared. 'lhe compound was not identified but was believed 
to be 2,4,5-triphenylimidazol e hydrochloride. 
THIRD ftlv'Jf'<10NOLYSIS OF BENZALDEHYDE JN LIQUID Al\'l!VDNIA AT - 33° . 
The conditions were the same as in the other two amm:molyses 
preceeding. 'lhe quantities of reagents and 1'/0rk-up were different . 
Benzaldehyde, 200 ml, 210 .0 g (l.9S mole) was stirred with approx-
imetely 2000 m1 of anhydrous amnonia for thirty minutes . The arrrrnonia 
was then allowed to evaporate after 500 ml of ether had been added. 
After evell?oration of the amnonia, the ether that \'/as in the reaction 
flask was filtered of the solid material. The ether mixture was 
dried, filtered and material boiling below 190°, distilled by using 
(107) 
a heating mantle, ai'ter most of the ether had been removed by heating 
on a water bath. The solid rema:i.ru.ng, m.p. 253-260°, recrystallized 
three times from ethanol, m.p. 274-275° is IX. The solid which was 
obtained from filtering the original ether, was recrystallized four 
times from ethanol, m.p. 103-104°, which was shown to be hydrobenzamide 
from the nmr, m.p. (lit. m.p. 102-104°, 49-52), and from its conversion 
to IX by heating ( 60 and 61) . 
(.. 
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a heating mantle, after most of the ether had been removed by heating 
on a \'later bath. The solid remaining, m.p. 253-260°, recrystallized 
three times from: ethanol, m. p. 27 4-275° is IX. The solid which was 
obtained from filtering the original ether, '"'as recrystallized four 
tilres from ethanol, m.p. 103-104°, which was shown to be hydrobenzamide 
from the nmr, m.p. (lit. m.p . 102-104°, 49-52), and from its conversion 
to IX by heatiflg ( 60 and 61) . The heating of hydrobenzamide directzy 
\'lith a burner or heating mantle, gp.ve IX, presurrably through XIII, 
toluene, benzonitrile and benzaldehyde. The results of heating in 
an oil bath, a flask containing hydrobenzamide, were the following: 
Oil bath 
Ten:perature 
127° 
146° .: . ' 
168° 
....... _ .. 
l8SO 
215° 
.. l' I . 
Ten:p . in 
Flask,vapor: 
25° 
38° 
50° 
50° 
50° 
Description of contents 
in flask 
Complet e melting 
No apparent change 
Vapor appeared con-
densed on walls of 
flask 
Vapor not hot enough 
to condense 
Vapor did not r each 
condenser and come over 
after heating at this 
terrperature for 45 min. 
After heating, the nmr spectrum of the product in the flask 
indicated that the major product was IX, with XIII, toluene and 
benzonitrile as minor constituents. 
' l. 
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CONDENSATIONS OF AROMATIC ALDEHYDES WITH LIQUID AJ'.1MONIA AT - 33° . 
'lhe experimental parameters for the condensations of the aromatic 
aldehydes \'iere the same as those that were empolyed for benzaldehyde. 
(See page 105 ) In every case, 50 ml of the aldehyde \'las added to 1000 
ml of anhydrous distilled liquid arrmonia with no ammonium chloride 
' being added to the mixture. After dissolution was confirmed , the am-
monia was allowed to evaporate at ambient temperature and pressure. 
'lhe product remaining m the flask was dissolved m ether and the 
ether evaporated using a hot water bath. The product of the con-
densations \'lere determined from nmr. The aldehycesthat were studied 
and the preliminary results are given below. 
1. p-Tolualdehyde yielded a liquid whose nmr spectrum differs 
from the nmr spectrum of 2_-tolualdehyde . No further work was done 
in the characterization of this liquid. 
2. Anisaldehyde yielded a liquid whose nmr spectrum is identi-
cal to that of anisaldehyde . Apparently no condensation had taken 
place. 
3. E_-Chlorobenzaldehyde yielded a l iquid whose nmr spectrum 
differs from the starting material. No further work was done for 
the characterization of this liquid. 
4. Salicyladehyde yielded a solid, m.p. crude product, 164-178°, 
recrystallized 2 times from e thanol, m.p. 168-172°. 'Ihere was no 
evidence of salicyaldehyde in the nmr of the crude product . This 
(110) 
product was perhaps the salicylaldehyde condensation analog of hydro-
benzamide. (See page 3 8) No further work was done on the confinna.tion 
of the structure. 
5. Q-Chlorobenzaldehyde yielded a solid product , m.p. 95-104°, 
recrystallized 2 times from ethanol, m.p. 105-107°. 'The structure 
of this compound has not been confirmed but is believed to be o-
chlorobenzaldehyde condensation analog of hydrobenzamide. (See page 3 8-) • 
. ,, 
,, 
... . 
. ' "' . 
PREPARATION OF BIPHENYLENE. 
.. 
Biphenylene was prepared according to the procedure of Logullo, 
Seitz and Friedman (73). In a typical prep~tion, a solution of 
34.2 g (0.25 mole) of anthranilic acid and 0.3 g of trichloroacetic 
acid in 250 ml of tetrahydrofuran was prepared in a 600 ml beaker 
equipped with a thermometer and cooled in an ice-water bath. To 
this magnetically stirred solution, 55 ml (48 g, 0.41 mole) of iso-
areyl nitrite was add;ed over a period of 1-2 min. Due to the mildly 
. . 
exothermic nature of the reaction, the mixture was ~tained at 18-
250 with immersion in the ice bath periodically, and stirred an ad-
ditional 1. 5 hrs • Tne mixture was cooled to 10° , and the product 
collected by suction on a plastic Buchner funnel and washed on the 
funnel with cold tetrahydrofuran until the washings were clear. 
The benzenediazonium-2-ca.rboxylate was then washed with two 50 ml 
portions of 1, 2-dichloroethane to displace the tetrahydrofuran, care 
\vas taken to be certain that the product remained wet throughout 
the filtering and washing operations. 
The solvent-wet benzenediazonium-2-ca.rboxylate was washed from 
the fUnnel into a 400 ml beaker with 150 ml of 1,2-dichloroethane 
dispensed from a plastic wash bottle with the help of a plastic spatula. 
The slurry was added over a period of 3-5 min to 1250 ml of gently 
boiling, stirred 1,2-dichloroethane in a 2 liter beaker on a magnetic 
stirrer hot plate in the hood. Frothing stopped afew minutes after 
( 11~ 
completion of the addition, and the mixture assumed a clear red-brown 
col or, which signaled the end of the reaction. 
A one-liter, two-necked, round-bottom flask was equipped with 
a 1-l addition funnel and a Claisen distillation head and water cooled 
conqenser. The cooled reaction mixture \vas transferred to the flask 
to half-fill it. The remainder of the reaction mixture was added to 
the flask at a rate such that the fiask remained about half-full 
as the 1,2-dichloroethane boiled off. When approximately 75 ml of 
dark residue remained in the flask, 300 rnl of ethylene glycol was 
added. An air condenser was substituted for the water- cooled con-
. 
denser, and then the distillation continued. The forerun, b .p. l ess 
than 150°, was discarded, the fraction, b.p. l50-197°,was collected. 
The distillate was cooled_ to 10°, and the product collected by suction 
filtration, washed with 15 rnl of cold ethylene glycol and five times 
vlith 50 ml of water, and dried at atmospheric pressure over phos-
phorous pentoxide. 'lhe yield of biphenylene , m.p. 109-112°, was· 
5-5.6 g (25-30%), bfSed on anthranilic acid. 
Note: It i~ imperative that the filtrate cake of benzenedia-
zoni~2-carboxylate not be allov1ed to become dry at any stage of 
the preparation. Also, it should not be added too fast (less than 
one minute) to the boiling 1,2-dichloroethane. An explosion that 
occurred during the_addition to the 1,2-dichloroethane was believed 
to have been caused by too fast addition. 
1 
' . 
(113) 
. , 
The Birch reductions of biphenylen as ca.rTied out in this study 
are summarized in Chart II. A representative reduction is the First, 
which is described in detail. 
FIRST REDUGriON OF BIPHENYLENE (\mH 3. 0 EQUIVAlENTS OF SODIUM AND 
EHANOL IN ANHYDROUS LIQUID AMivDNIA) AT -33° . - --
By use of the experimental set-up described in the other re-
ductions (See page fP) but with a different sized flask and a non-
spark mechanical stirrer, the following procedure · was used in re-
ducing biphenylen. The ammonia, 500 ml. was condensed into a three-
necked, 1 liter, round-bottom flask. Biphenylene, 2.00 g (0.0132 
mole) was added but it did not dissolve after one hour stirring. An-
hydrous ether, 150 ml, was added in 25 m1 portions to the amnonia-
biphenylene in order to effect solution of the biphenylene . This 
amount of ether was the rr.inimum amount that would dissolve the bi-
phenylene. To this mixture was added 3. 0 equivalents of sodiuum 
(0.90 g, 0.0394 mole). The solution turned blue and was stirred 
for an additional 15 min after the addition of all of the sodium. 
Ethanol, 15.0 ml, was added over a period of 5 min. The discharging 
of the blue color indicated completion of the reaction. The anm:>nia 
was evaporated at ambient temperature and pressure. \.Jater, 150 ml, 
vlas added to the reaction mixture and the mixture separated from the· 
unevaporated ether that remained. The aqueous solution was extracted 
vlith three 100 ml portions of ether. All ether extracts \'lere 
canbined and dried over anhydrous .. rnagnesium sulfate and filtered. 
(ll4) 
'lhe ether was removed by a hot water bath- to yield l. 70 g of product . 
'lhe product consisted of a liquid and solid. The product was XYI, XVII, 
and unreacted IV, in a ratio of 4: 1 : 11. The product mixture was sep-
arated by glc (10 ft 1/4 inch internal diameter, 10% ca.rbowax on 
Firebrick, 80-100 mesh, treated with HMDS, column 190°, detector 275°, 
' 
collector 220°,, flow (helium), 120 ml/min). The -rmr (CC14) spectrum 
of XVI, Figure 14, page 53, exibits absorption at 6 2 . 35 , 4 hydrogens, 
methylene hydrogens, f 3. 65, 2 hydrogens, methinyl hydrogens , 
J 5.60, 2 hydrogens, vinyl hy~ogens, and_, { 7 ."oo , 4 hydrogens, phenyl 
hydrogens. Additional XVI and XVII were obtained from subsequent re-
l 
ductions and separations (Se Chart 2, page 118 1 • The ir spectrum of 
XVI, Figure 15, page 54, shows absorption in _~he phenyl hydrogen, 
~1 -
region, 3000 em , aromatic hydrogen stretch, vinylic hydrogen strtech, 
-1 ( -1 3125 em , methylene stretch, 2900 em , and the pattern characteristic 
of ortho-substi~uted benzene at 850 cm-1 • 
Anal. Calc. for XVI, c12~2 . C. 92.25 ; H, 7 . 74 . Found: C, 92.10 
H, 7. 71. 
I 
Mass ·spectrometric analysis indicated a molecul ar weight of 156. 
The ultravioled spectrum, Figure 16, page ~; cont ains the following 
" . 
I 
A.cu. 
.• 
(11$) 
absorptions: 
E l og E . . 
rciU\ 214 ',tJrl I 5184 3 .71 
261 1410 3.15 
... t: ... r 266·.5 2153 3.33 
273 2567 3.40 
, 
n.. • .> ]'(;:(' 
By cooi:>ining other glc fractions of XVII f rom subsequent reductions , 
enough of XVII was obtained for analysis and physical measurements . 
'!he nmr (CC14) spectrum of XVJI Figure 17, exhibits absorption at 
61.8-2.7 nrultipl et, 4 hydrogens , m=thylene hydrogens in the cycle-
butane ring; 6 2.9- 3.9 multiplet , 2 hydrogens, methinyl hydrogens 
at the fusing j tmct ion of t he cyclobuty 1 and reduced naphthalene ring 
system/ 5.75 doubl e doublet , one ·hydrogen, vinyl, 6 6.30 , doublet , 
one hydrogen, vinyl; fJ 6.93 , rrultiplet , 4 hydrogens., aromati c hy-
drogens . 
llie infrared spectrum, Figure 18, exhibits absorption that would 
be expected for the assigned structure . The fingerprint reg.i.on is 
roore corrplex than that of YYI.. The ultraviolet spectrum (ethanol) , 
Figure 19 , page 59 ., exhibi ts the following absorptions 
A max log E f 
219 .5 22 , 265 4.35 
226 17,877 4 . 25 
248.5 7801 , lit 8600 3;89 
271 6825 3 . 83 
(116) 
-...,---· T-1-· -... t I 
'Ihe mass spectrum of XVII indicates a molecular weig}:lt of 156. 
Anal. Calc ~ for XVII, c12H}2: C, 92.25; H, 7.74. Found: 
I 
C, 92:15; H, 7-55. 
I 
Bromine was added to XVI to give a dibromide by adding a brorn:lne/ 
I I 
carbcn mtrachloride solution to a carbon tetrachloride solution of 
I 
XVI, m.p. 87-88°, recrystallized from ethanol. · 
I . • 
Found: 
f\) 
) c 
v r .. 
,... 
;.r 
( '"1 ) C.> 
...... 
~ ~~ I 
-+ 
I 
1-
C, 45.37; H, 3.98; Br, 50.50. 
(117) 
!Reducti on 
!number 
1. 
. . 
2. 
3 . 
4. 
5. . -· 
6. ---- -----
. 
--7. - - -' --
8. 
. 9. 
i 
Chart II 
THE BIRCH REDUCTION OF BIPHENYLENE WITH ABSOLUTE 
ETHANOL IN LIQUID AMMJNIA AT - 33° wrrH SODIUM AND LITHIUM 
UTILIZING THE PROCEDURE OF WILDS AND NELSON (42 ) 
Metal used Rate of Products of the reduction 
and nUI'I'ber addition 
of equivalents of ethanol 
Na (3.0) (5- 10 min . ) 1,4,4a,8a- tetrahydrobipheny1ene 
intermediate XVI, 4, 5-benzobicyc1o-[4. 2.0]-
i. octa- 2, 4- diene , XVII , and biphen-
y1ene , rv . 
Li (3 .0) i. XVI, XVII , N 
Li (3 .0) i. XVI , XVII, N - . - --
Na (3,0) i. XVI, XVII , N 
Na (3 .0) i. XVI, XVII, N 
Na (6 .0) 
-
i. XVI, XVII and J unidentified 
-
pr oducts (major 
. .. . 
Ratio of . 
YYI/ YYII 
·-· ~ 
4/1 
---
4/ 1 
4/1 - --· .-.... 
4/1 
4/1 
--
6/1 
Na (3 .0) h- ·-· . i. ~ XVI , XVII, N 
-
--
5/ 1 
-
Na (4.5) i. XVI , XVII and 2 unident i f ied 4/ 1 
products that were minor 
•, 
Na (4.5) \ i. I XVI , XVII and 2 unidentified 4/1 components that were minor I . 
I i 
-
,....... 
~ 
..._, 
I 
I 
i 
' I 
I 
I 
Chart II (continued) 
10. Na (6.0) i. XVI, XVII and 3 major 6/1 
unidentified products 
11. Na (4 . 5) i. XVI, XVII and 2 minor 4/1 
unidentified components 
12. Na (8 .0) i. XVI, XVII , and 3 major 6/1 
unidentified components 
13. Na (4 . 5) (one drop/ XVI , XVII and 2 major 1/2 
20 sec) 
slow (s) 
unidentified products 
14. Na (4.5) As fast as XVI only I 
possible 
through 
,.,....., 
~ 
funnel (f) ........ 
15. Na (4.0) f. XVI , XVII 9/ 1 
16. Na (4.5) s. XVI, XVII and 2 major l / 2 
unidentified components 
I 
. J. 
& ••• 
' I 
'· 
' I 
.• 
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